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TESS, A One-dimensional 
Sn Transpor t - theory Code 

for the CDC-3600 

by 

Ronald W. Goin and J. P. Plummer 

ABSTRACT 

TESS is a code, written in FORTRAN, which pro­
vides the multigroup rea l and adjoint solutions to the t r an s ­
port equation in the Sn approximation for one-dimensional 
slab and spherical geometry. A direct method of solution 
for each outer i teration is used for maximum efficiency in 
slowly converging problems. A double Sn formulation in slab 
geometry, which allows the code to t reat discontinuities more 
efficiently in the angular fluxat interfaces, yields more ac ­
curate resul ts with fewer angles TESS contains a sophis­
ticated cross-sect ion homogenization routine, which permits 
c ross - sec t ion collapse in both space and energy by six dif­
ferent p resc r ip t ions - - th ree by real flux weighting, and three 
by flux and adjoint weighting. In addition, two different meth­
ods of providing for cell leakage make the code convenient for 
fas t - reac tor , cri t ical-facil i ty heterogeneity studies. Highly 
generalized boundary-condition capabilities make TESS quite 
suitable for photon-transport problems as well. Integrals of 
flux and adjoint for perturbation analysis can be calculated. 
Reaction ra tes may be computed for specified isotopes as a 
function of space. 

CODE SUMMARY 

1. P rog ram title: TESS. 

2. Computer for which designed: CDC-3600 with 50K words of available 
core (64K including the monitoring system) and 10 tapes (not including 
the system tape). 

Other computers upon which it is operable: With minor conversion 
effort, any computer with sufficient core and auxiliary storage (since 
the code is written in FORTRAN). 



3. Nature of physical problem solved: Solves t ransport equation in slab 
and spherical geometry using double-Sn approximation for slab. 

4. Method of solution: Uses direct solution for angular fluxes for each 
outer iteration. 

5. Restrictions on the complexity of the problem: 1 50 mesh points, 
26 groups, 20 angular intervals, 12 isotropic downscatter groups, 
one Pl downscatter group, 40 regions, 25 mater ia l s , no restr ic t ion 
on angles except that they be symmetric about n/2 (p, = 0). No upscat-
ter is allowed. 

6. Typical running time: Approximately 5 X 10"* sec/(point-group-angular 
order squared) per iteration. This is a very rough est imate . 

7. Unusual features of the program: Automatically computes both flux and 
adjoint and performs integrals necessary for perturbation analysis . 
Does bilinear as well as real flux-weighted cross-sect ion homogeniza­
tion over both space and energy. Computes reaction rates as a func­
tion of space for specified isotopes. 

8. Related and auxiliary programs: TESS is an extension and modification 
of the MIST code. One of the main modifications in TESS is the con­
version of the coefficient matr ices from three-dimensional to one-
dimensional vectors to increase both the maximum permissible problem 
size and the speed of the code. Other modifications are the adjoint cal­
culation, the lifetime calculation, the calculation of flux and adjoint 
integrals for perturbation analysis, the cross-sect ion homogenization 
routine, and the addition of the spherical solution. 

9. Status: Operating, 

10. References: IPO-16856, MIST (Multigroup Internuclear Slab Transport) , 
by G. E. Putnam and D. M. Shapiro (May 10, 1963). 

11. Machine requirements: 50K available core storage, 10 tape units, 
including I/O but not including monitor. 

12. Programming language used: 3600 FORTRAN, 100%. 

13. Operating system under which program is executed: SCOPE 6.2114. 

14. Other programming or operating information or res t r ic t ions: The 
"Buffer In" and "Buffer Out" statements are used and would have to be 
changed to be compatible with FORTRAN IV. The time remaining at any 



s t a g e of the c o m p u t a t i o n is d e t e r m i n e d by an A = T I M E L E F T ( A ) s t a t e ­
m e n t ; t he p r o g r a m i s m a d e up of five o v e r l a y s , one of which c o n t a i n s 
t h r e e s e g m e n t s . 

15. M a t e r i a l a v a i l a b l e : S o u r c e d e c k s , w r i t e u p , l i s t i n g s , and o v e r l a y t a p e . 

I. INTRODUCTION 

One p r o b l e m a s s o c i a t e d with the a n a l y s i s of p l a t e - t y p e fas t r e a c t o r s , 
s u c h a s Z P R - 3 , - 6 , - 9 , and Z P P R , ' i s to d e t e r m i n e the effect of the 
h e t e r o g e n e i t y i n t r o d u c e d by us ing p l a t e s of v a r i o u s m a t e r i a l s to r e p r e s e n t 
m a t e r i a l s in a power r e a c t o r . T h i s p r o b l e m a r i s e s when, for e x a m p l e , 
p l a t e s of g r a p h i t e , canned s o d i u m , p l u t o n i u m m e t a l , and d e p l e t e d u r a n i u m , 
e a c h p e r h a p s l / 8 o r l / 4 in. th i ck , a r e s t a c k e d t o g e t h e r in s t a i n l e s s s t e e l 
d r a w e r s to s i m u l a t e a c a r b i d e - f u e l e d , s o d i u m - c o o l e d p o w e r r e a c t o r . Ano the r 
e x a m p l e i s the u s e of s o d i u m c a r b o n a t e , i r o n ox ide , d e p l e t e d u r a n i u m ox ide , 
and p l u t o n i u m m e t a l p l a t e s to s i m u l a t e an ox ide - fue l ed p o w e r r e a c t o r . 

A p i c t u r e of Z P P R i s shown in F i g , 1, The r e a c t o r c o n s i s t s of one 
fixed and one m o v a b l e half, e a c h an a r r a y of s q u a r e m a t r i x t u b e s into which 
a r e i n s e r t e d d r a w e r s con ta in ing the m a t e r i a l s to be u s e d in the r e a c t o r . 
F i g u r e 2 shows loaded d r a w e r s a s used in Z P P R A s s e m b l y 2, F i g u r e 3 is 
a top v iew of the c o r e d r a w e r load ing . F o r a d e t a i l e d d e s c r i p t i o n of Z P P R , 
s e e Ref. 1. 

Fig. 1. Zeio Power Plutonium Reactor (ZPPR). ANL Neg. No. 103-A11302. 
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Fig. 2. Typical ZPPR Matrix Tube, Drawer, and Assorted 
Constituent Plates. ANL Neg. No. 103-A11524. 
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Fig. 3. Top View of Inner-core Drawer Loading 

In t h e r m a l - r e a c t o r phys i c s c a l c u l a t i o n s , it h a s b e e n s t a n d a r d p r o ­
c e d u r e to d e t e r m i n e the flux d e p r e s s i o n t h r o u g h a fuel pin o r p la te in the 
t h e r m a l - e n e r g y g roup by u s e of t r a n s p o r t - t h e o r y ce l l c a l c u l a t i o n s , and 
apply flux and vo lume weight ing to e i t he r the a t o m i c d e n s i t i e s o r the 
m a c r o s c o p i c c r o s s s ec t i ons to obta in homogen ized t h e r m a l - g r o u p c r o s s 
s e c t i o n s . A m o r e complex s i tua t ion o c c u r s in fas t r e a c t o r s b e c a u s e the 
flux in a p a r t i c u l a r m a t e r i a l zone m a y peak-a t s o m e e n e r g i e s and be d e ­
p r e s s e d a t o the r e n e r g i e s . The s p a t i a l shape of the adjoint i s dependen t 
upon the compos i t i on of the v a r i o u s m a t e r i a l z o n e s . In the a n a l y s i s of 
r e a c t o r s such a s t h e s e , the effect of the h e t e r o g e n e i t i e s on the s p e c t r u m 



(both the rea l spectrum and the adjoint spectrum) is needed. This might 
suggest that the individual mater ia l macroscopic cross sections for each 
energy group should be weighted bilinearly (both flux and adjoint) for homog­
enization. The question of whether to use bilinear weighting, or flux weight­
ing only, probably depends on what quantities one is trying to calculate. For 
most purposes, either scheme should be quite adequate. 

The procedure that might be followed for an assembly with drawer 
loadings as shown in Fig. 3 follows: Begin with a cell calculation in the 
t ransverse direction across a drawer cell. The calculational model is shown 
in Fig. 4. Both flux and adjoint calculations would be done with this model; 
then the individual mater ia l c ross sections would be homogenized by either 
flux or bilinear weighting. 
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Calculational Model 
for Transverse Cell 

The r e s u l t i n g h o m o g e n i z e d macrosc^opic c r o s s s e c t i o n s would be 
u s e d in a v e r t i c a l c e l l c a l c u l a t i o n to accoun t for the d r a w e r and m a t r i x -
tube top and b o t t o m . The m o d e l for th i s c a l c u l a t i o n is shown in F i g . 5. 

The c r o s s s e c t i o n s of the two m a t e r i a l s 
in the v e r t i c a l c e l l would then be flux o r b i ­
l i n e a r l y we igh ted to give h o m o g e n i z e d m a c r o ­
s c o p i c c r o s s s e c t i o n s . T h e s e h o m o g e n i z e d 
c r o s s s e c t i o n s would be u s e d in a c y l i n d r i c a l 
o r s p h e r i c a l c o r e c a l c u l a t i o n to d e t e r m i n e s p a ­
t i a l l y d e p e n d e n t flux and adjoint s p e c t r a , r e a c ­
t ion r a t e s , p r o m p t - n e u t r o n l i f e t i m e , e t c . 

The t r a n s v e r s e and v e r t i c a l c e l l s shown 
in F i g s . 4 and 5 a r e the uni t c e l l s in the p e r i o d i c 
s t r u c t u r e of the i n n e r c o r e zone of Z P P R , A s ­
s e m b l y 2. The TESS c e l l c a l c u l a t i o n s could 
be done wi th the c e l l s r e p r e s e n t e d e x a c t l y a s 
shown, u s i n g the p e r i o d i c - b o u n d a r y - c o n d i t i o n 
op t ion . In p r a c t i c e , h o w e v e r , u s e would be 
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Fig. 5. Calculational Model 
for Vertical Cell 



made of the fact that both horizontal and vert ical cells have m i r r o r planes 
of symmetry. Thus, half of each cell would be represented in the input, 
and the mirror-boundary-condition option (MFR = 0 and the appropriate 
number of elements in the ALPHA a r r ay set to 1.0) would be selected. 

To ass is t in the analysis of these plate-type systems, the TESS code 
has been programmed in FORTRAN for the CDC-3600 with 64K storage. 
TESS is based upon a direct method of solution (one requiring no "inner 
iterations") of the double S^ formulation in slab geometry developed by 
Putnam and programmed as the MIST code.^ Because it is a direct solu­
tion, this formulation converges in about the same number of i terations as 
diffusion-theory calculations. 

The main modifications that were made to the MIST code that r e ­
sulted in TESS are: 

The number of energy groups allowed was extended from 6 to 26. 

The number of downscatter groups was extended from 5 to 12. 

The number of space points was extended to 150. 

The number of angular intervals was extended to 20. 

The spherical-geometry solution was added in the same code. 

A periodic boundary condition was added. 

Two ways to correct for leakage out the top and ends of a system 
(corresponding to DB^ in diffusion theory) were added. 

An option was added to compute both flux and adjoint for a part icu­
lar case automatically. 

A routine was added to compute reaction rates of specified isotopes 
as a function of space. 

A routine was added to compute integrals of the product of angular 
flux and adjoint and integrals of the product of scalar flux and 
adjoint (for perturbation analysis), and to compute the prompt-
neutron lifetime. 

A routine was added to flux- and adjoint-weight the macroscopic 
cross sections to homogenize over both space and energy. The r e ­
sulting homogenized cross sections can be punched on cards and/or 
saved in core for succeeding problems. 

The coefficient matrix was changed from three-dimensional to one-
dimensional vectors for more efficient handling. 

The main advantages of TESS over existing Sn codes for ZPR- and 
ZPPR-type reactor analyses are: 
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(1) TESS has maximum change-case flexibility. In one pass on the 
computer, one can, for example, do the following: (a) Obtain flux- and 
adjoint-weighted c ross sections ac ross the plates, assuming the plates 
a re infinitely long and high, then cor rec t for mat r ix tubes and drawers by 
a second calculation. (If desired, a calculation along the length of the plates 
could be done to account for end effects.) (b) Follow the same procedure to 
obtain homogenized c ross sections in the blanket drawer cells and, if de­
sired, the core drawer cells at the core edge, (c) Perform a calculation 
describing the entire reactor in either slab or spherical geometry using 
the homogenized c ross sections obtained in the preceding cases to obtain 
k ££, fluxes and adjoints, prompt-neutron lifetime, etc. 

(2) The flux and adjoint solutions can be obtained in one pass . In 
most existing Sĵ  codes, two separate runs a re required to obtain the flux 
and adjoint solutions, and, if both a re wanted, some card or tape handling 
is necessary . 

(3) A double S^ approximation is used in slab geometry, and the 
angular points can be completely a rb i t r a ry as long as they are symmetr ic 
about |i = 0. For example, in a slab cell calculation, where the gradient 
of the angular flux is greates t at TT/2, the angles can be concentrated about 
n /2 to result in the most accurate description of the angular distribution 
with a minimum of angles. See Appendix C for recommendations on the 
choice of angles, 

(4) Computer time is saved. In most cases , TESS is at least as fast 
as other S^ codes, and for problems in which a large fraction of neutron 
collisions resul t in nondegrading scat ter , where t ranspor t effects a re impor­
tant, TESS can be considerably faster . See Appendix D for a comparison of 
the rate of convergence as a function of angular order for TESS and SNARG. 

II. THEORY 

A. Derivation of Transpor t Equation for Slab and Spherical Geometr ies 

The Boltzmann t ranspor t equation balancing leakage, collisions, 
scat ter ings , and fixed sources in the energy independent case is 

div N(?,n) + i:(r,"n)N(?,n) = /^, N(r,n')i:s(r,'n,n') dn- + q(?,n), (i) 

where N"(7,TT) = N(r,'n)n is the vector flux defined as the number of par t ic les 
traveling in a direction Cl crossing a unit a rea normal to Q per unit t ime 
per unit solid angle, Z(r,n) is tiie total c ross section for removal of 
neutrons from dfl about Q, and Eg(r,n,n') is the scat ter ing c ross section for 
scat ter ing of neutrons in dfl' about Q' into dfl about fl. The q(r,C5) r e p r e ­
sents anv source of par t ic les per unit volume per unit solid angle per unit 



time emitted in df about r and df̂  about Q. Consider the res t r ic t ion of 
Eq. 1 to one-dimensional slab or spherical geometry, where the flux and 
source are functions only of a position coordinate x and some angle 9 be­
tween a unit vector in the positive x direction and n. In this case, 
N(r,fi) - N(x,|i) and q(r,n) - q(x,M.), where p, = cos 6 = (x • 'n)/x. The 
first term in Eq. I can be reduced by a well-known identity, " 

div[N(x,n)n] = grad N(x,n) • 0 + N(x,n) div Q 

= grad N(x,n) • Tl. 

First consider spherical coordinates: 

div[N(x,n)n] = ^ f e ) , + ̂ ^ n • grad ^ 
ox 0̂1 

= ifa),,l^_%iL)(n^,5^), 
Ox x d|j, ~ 

where T] and 5, in addition to (j,, are the direction cosines of Q in our 
spherical coordinates, thus satisfying T|̂  + |^ + (î  = 1. Therefore, 

div[N(x,n)n] = M £ i ^ ) , , ( i ^ ) M2£>)^ spherical geometry 
Ox X d\i —' 

In slab geometry, since (j, is defined with respect to a fixed direction 
in space, grad n = 0 and the result is 

div[N(x,n)n] = M.-^^^^^. slab geometry 
Ox -

Sett ing dn = dtp d\i in Eq. 1 l eads to the r e s u l t 

(1 -M.') 3N(x,M,)' 5N(x,^) ^ 
3x + E(x)N(x,M.) = 

/ / N(x, | i ' )Zs(x ,n ,n ' ) d|i' dtp + q(x,M.), 
•^ 0 - ^ - 1 

(2) 

where 

6 = 0 in slab geometry 

= 1 in spherical geometry. 

Now it is assumedjhat th_e scattering cross section is a function only of the 
angle B,, between (1 and Cf , so that if p.̂  = cos SQ, then 

Es(x,M.o) = i:s(x,n,n'). 



Also, the representat ion of i:g(x,M.o) m spherical harmonics is 

t=0 

where 

(3) 
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^slM = / / ^s( .̂IJ'o)P-t,(M.o) dM.0 dtp; 
Jo J -1 

and if one uses the addition theorem for spherical harmonics , 

p (̂no) = p^(p)p^(n') +2 Y {^T^pr^^')^"^^"^^'*'-*')] (4) 

(where the P . 's are the associated Legendre polynomials). 

These relationships can be used directly to reduce the basic 
Boltzmann equation to 

5N(x,n) 
M. — 5 + 6 

ox 

1 - n^ 5N(x,n) 
X 3M, 

+ E(x)N(x,M.) = 

1 = 0 

2-t-+l J, ^(^)p (^) r Pi(n')N(x,n') dn- + q(x,n). (5) 

The t e rms involving m in Eq. 4 vanish with integration over tp'. Equation 5 
is the basic equation used for each neutron group in the TESS program. 

B. Numerical Approximations Used in TESS Program 

In the TESS program the sum on the right-hand side of Eq. 5 is 
res t r ic ted to •[. = 1, and the q(x,n) is assumed to be isotropic and therefore 
independent of ji. The only other approximation made is described as fol­
lows: N(x,p,) is assumed to be linear with respect to x and p. in each in­
terval , which resul ts from the independent partitioning of the x and the 
fi spaces. This approximation is simply that in the x interval (xj.Xj^^.,) and 
the M' interval (niiLij+i), N(x, M,) is represented by the expression 

aN(xini) 3N(xip.i) 3^N(xiM.i) 
N(x,.) = N(xi ,p + - | ^ ( x - x i ) + - i ^ ( . - . j ) + - ^ ^ ^ x - x . ) ( u - . ^ ) , 

(6) 
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where 

3N(xi,Lij) N(x.^,,LXj) - N(x.,Hj) 

3x xi+i - xj 

SN, , N(x^-^i+i)-N(xi,t^j) 

and 

3'N(x„Mj) _ N(x.^,, |X.^,) - N(x.^,, n-) - N(x^, ix-^,) + N(x.Hj) 

axSiJ. ~ (''^i+i-''i)(^^j+l "^^j) 

Each half of the p. space is partitioned into n /2 intervals , if n is the 
angular order. Thus there are n + 1 discrete values of p in spherical ge­
ometry and n + 2 values in slab geometry, to allow the two values of Li = 0 
that enable TESS to t reat discontinuities in the angular flux at slab inter­
faces. Fur thermore, the code assumes that the negative and positive halves 
of |i space are partitioned symmetrically. The code also assumes that the 
tl's are ordered from -1 to +1; i.e., Pi = - 1 . If we define J = n + 2 in slab 
geometry, and J = n + 1 in spherical geometry, then the symmetry requi re­
ment on the Mi is simply Mi = -Mj+i-i-

The partitioning of the range of x proceeds by regions inasmuch as 
each region of a problem is partitioned into a number of equal intervals 
(one or more). The word "region" here and elsewhere in the program 
description always refers to some defined portion of the range of x in 
which both the width of the x interval and all the mater ia l propert ies 
(cross sections, etc.) are constant. 

This partitioning of the range of x defines the mesh points x^, and 
in the TESS code: 

X, 2 0 

and 

X] < XJ < XjyLÂ x ^°'" 1 < i < MAX, 

where xj^^jj is the upper bound of the range of x, and MAX is the number 
of mesh points. 

The TESS program solves for all the values of N(xj, Mi) for 
1 Si S MAX and 1 s j S J. 
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C. Derivations of Difference Equations 

The basic balance equation (Eq. 5) is used to derive the necessary 
difference equations by making use of the numerical approximations and the 
partitioning descriptions set forth in Sect. II.B above. 

With the approximation (Eq. 6), Eq. 5 can be multiplied by 4Trx̂  (in 
spherical geometry) and integrated in an interval (xj, Xj.,.,) with respect to 
X, and the scattering integral on the right from M = -1 to +1 can be r e p r e ­
sented in t e rms of values of N(xj4.,, Mj) and N(xi, Mi) with all values of 
j occurring. Without writing the resulting equation, we shall t e rm it Eq. 5' . 
Equation 5' can then be used to derive directly the final difference equations 
from which are obtained: 

Sphere 

N(xi,nj) for 1 S j s i ± i 

and 

N(xi+,, Hj) for (—i- + ij S j S J, 

Slab 

N(xi, Mj) for 1 S j S j / 2 

and 

N(xi+,, Mj) for ( j / 2+ 1) S j s J, 

Slab 

The equations for N(xi,|i,) and N(xj.,.,, M j) a re determined by 
simply setting M equal to -1 and +1, respectively, in Eq. 5'. 

The j / 2 - 1 equations for N(xi+i,Mj) for j / 2 + 1 S j < J are 
determined by integrating Eq. 5' in the corresponding interval (tij, Lij+i). 

Similarly, the j / 2 - 1 equations for N(xj, Mi) for 1 < j s j / 2 
are determined by integrating Eq. 5' in the corresponding interval (Mi-:,Mi). 

In this manner, J X (MAX - 1) difference equations are obtained 
from Eq. 5' and the remaining J equations necessary for solution for all 
N(xi, Hj) a re obtained from equations that state the boundary conditions. 

2. Sphere 

The equation for N(X£,M'I) is determined by setting M equal to 
- 1 in Eq. 5' . 

The remaining J - 1 equations for N(xj, Mi) for 1 < j S ( J + l ) / 2 
and N(x£^i,Mj) for ( j + 1 )/2 + 1 S j s J are determined by integrating Eq. 5' 
in the corresponding interval (M.j.j,Mi). 



In th i s m a n n e r , J X ( M A X - 1) d i f f e rence equa t ions a r e ob t a ined 
f r o m Eq. 5' and the r e m a i n i n g J equa t ions n e c e s s a r y for so lu t ion for a l l 
N(XJ , Mi) a r e obta ined f r o m equa t ions tha t s t a t e the b o u n d a r y c o n d i t i o n s . 

Note that the adjoint so lu t ion wi l l not in g e n e r a l be i d e n t i c a l to 
the r e a l so lu t ion in s p h e r i c a l g e o m e t r y s i n c e the adjoint so lu t ion s t a r t s 
with M = +1 and p r o c e e d s in the d i r e c t i o n oppos i t e tha t of the r e a l so lu t ion . 
As the width of the angu la r i n t e r v a l a p p r o a c h e s z e r o , the two s o l u t i o n s 
a p p r o a c h the s a m e va lue . This d i f fe rence be tween the r e a l and adjoint 
so lu t ions can s e r v e a s an ind ica t ion of the a d e q u a c y of the a n g u l a r d e s c r i p t i o n . 

3. Boundary Condi t ions 

The bounda ry condi t ion at e i t h e r b o u n d a r y for e a c h n e u t r o n g r o u p 
is e x p r e s s e d by the equat ion 

MN ( X S , M ) = M As,gN(xs , - M ) ( 1 - a ) + 2Bg g / Ng(xs , M')M.' dp ' 

+ Z Sl,s,g^lM + ^'gi'^si \^) + a A s , g N ( x 3 , , -M) 
t=0 

(7) 

In th i s equat ion, 

a n d 

a = 1 for p e r i o d i c bounda ry condi t ion, 0 o t h e r w i s e , 

g = g roup n u m b e r , 

s = 1 for a left boundary , = 2 for a r igh t b o u n d a r y , 

s' = 2 for a left boundary , = 1 for a r igh t b o u n d a r y . 

The v a r i a b l e M is u n d e r s t o o d to be the c o s i n e of an angle in the 
a n g u l a r ha l f space that i s d i r e c t e d into the b o u n d a r y s u r f a c e . T h e r e f o r e , for 
Ng(xi,M), 0 s M ^ 1; and for Ng(x2, M), -1 S M s 0, The s y m b o l AMS d e n o t e s 
the M ha l f space for f luxes e m e r g i n g f rom the s u r f a c e . The p h y s i c a l m e a n i n g 
of each t e r m on the r i g h t - h a n d s ide of Eq. 7 i s a s fo l lows: 

^' ^ •^s,g i® s o m e n u m b e r in the i n t e r v a l (O, 1), then the 
f r ac t ion Ag g of any flux e m e r g i n g f r o m the b o u n d a r y s u r f a c e wi l l be 
r e f l ec t ed back into the s u r f a c e as if r e f l ec t ed by a p e r f e c t m i r r o r . T h i s 
Ag.g t e r m in the equat ion i s , for e x a m p l e , u s e d in spec i fy ing a p e r f e c t 
s y m m e t r y condi t ion at a bounda ry by se t t ing A,, „ = 1. The n u m b e r A 
is t e r m e d the m i r r o r a lbedo coeff ic ient . ^s,g s . g 
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b . If Bg g IS s o m e n u m b e r in the i n t e r v a l (0, 1), t hen the f r a c ­
t ion Bg g of any flux e m e r g i n g f r o m the b o u n d a r y s u r f a c e wi l l be r e f l e c t e d 
b a c k into the s u r f a c e i s o t r o p i c a l l y . F o r e x a m p l e , the c u r r e n t r e e n t e r i n g the 
b o u n d a r y s u r f a c e wi l l be e x a c t l y Bg „ t i m e s the c u r r e n t l eav ing the s u r f a c e 
but the a n g u l a r - f l u x d i s t r i b u t i o n r e e n t e r i n g the s u r f a c e i s i s o t r o p i c . In the 
r a d i a t i v e t r a n s p o r t f ie ld s u c h a b o u n d a r y cond i t ion d e s c r i b e s a L a m b e r t 
s u r f a c e . The n u m b e r Bg „ is t e r m e d the i s o t r o p i c a lbedo coeff ic ient , 

c. The t e r m 

t=o 

i s s i m p l y a L e g e n d r e - p o l y n o m i a l r e p r e s e n t a t i o n of an a x i a l l y s y m m e t r i c 
(no 9 d e p e n d e n c e ) s o u r c e a t b o u n d a r y s for g r o u p g. TESS is d i m e n s i o n e d 
to handle no m o r e than a n i n t h - d e g r e e L e g e n d r e p o l y n o m i a l . F o r conven ien t 
r e f e r e n c e , if S.t, g g = 0 for 1 s i , an i s o t r o p i c e n t r a n t flux N(x, H) - S j . s .g 
wil l r e s u l t , and the e n t r a n t c u r r e n t in t h i s c a s e wi l l be 

So s gL* dM = TTSo^s.g-
•'i>is 

The u s e r should be r e m i n d e d that if an a n i s o t r o p i c s o u r c e 
i s spec i f i ed ( i . e . , S,[, g g / 0 for s o m e t ^ 1), c a r e should be t aken to e n s u r e 
tha t the L e g e n d r e - p o l y n o m i a l coe f f i c i en t s for odd v a l u e s of t a r e ol tne c o r ­
r e c t s ign . The s o u r c e a s e x p r e s s e d by the k e g e n d r e p o l y n o m i a l de f ines a 
flux d i s t r i b u t i o n for both h a U s p a c e s of M. and the flux d i s t r i b u t i o n of an 
a n i s o t r o p i c s o u r c e con ta in ing n o n z e r o coef f i c ien t s for odd I. v a l u e s i s not 
the s a m e in both M h a l f s p a c e s . i . e . , it i s not s y m m e t r i c about M - 0. T t e 
u s e r should c h e c k to m a k e s u r e tha t h i s p o l y n o m i a l p r o d u c e s the d e s i r e d 
flux d i s t r i b u t i o n in the h a l f s p a c e M = 0 to 1 when the s o u r c e is app l i ed a t 
the left b o u n d a r y and tha t the p o l y n o m i a l p r o d u c e s the d e s i r e d flux d i s t r i ­
but ion in the h a l f s p a c e M = - 1 to 0 when the s o u r c e is app l i ed a t the r igh t 
b o u n d a r y 

d. The t e r m N' (xg, y,) in the b o u n d a r y condi t ion Eq 7 a l lows 
one to apply a known e n t r a n t - f l u x d i s t r i b u t i o n a s a s o u r c e at a bo 'andary . 
The TESS p r o g r a m i n t e r p r e t s s u c h a n input flux d i s t r i b u t i o n in the s a m e 
m a n n e r a s it i n t e r p r e t s t h o s e f luxes it m a n u f a c t u r e s ; t ha t i s . the flux d i s ­
t r i b u t i o n N'(xg.M.) wi l l be a s s u m e d l i n e a r in e a c h i n t e r v a l of the M half-
s p a c e , ( T h e s e i n t e r v a l s a r e def ined, of c o u r s e , by the H s p a c e p a r t i t i o n i n g 
in wh ich e a c h h a l f s p a c e i s d iv ided in to n / 2 i n t e r v a l s , ) The u s e r s p e c i f i e s 
a b o u n d a r y cond i t i on ot t h i s kind by def ining e x a c t l y [ ( j + l ) / 2 , s p h e r e o r 
j / 2 , s l a b ] point v a l u e s of the d e s i r e d fiux d i s t r i b u t i o n a t e a c h b o u n d a r y for 
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each group. In this way, output fluxes from a TESS solution can be directly 
input to another TESS problem if both solutions have the same number of 
angular intervals. 

The necessary additional J difference equations that must 
be derived from the boundary conditions (for each group) a re derived from 
Eq. 7 in exactly the same manner as were difference equations derived from 
Eq. 5' . Specifically, in spherical geometry at a right boundary (s = 2), the 
equation for N (xĵ ^^^X'̂ *i) is derived simply by setting M = "1 Difference 
equations for N(xiy[AX'i^j) i°^ 1 < j S (J+ l ) /2 a re derived by integrating 
Eq. 7 with respect to M in the interval (MJ-I .HJ) . Difference equations a re 
derived from Eq, 7 for a left boundary by integrating with respect to p, in 
the interval (M,-I Hj) for (J + l ) /2 + 1 S j S ,J. Before the difference equa­
tions at the boundaries are derived from Eq. 7, the integral over AMS ^^^^ 
appears on the right-hand side is expressed in t e rms of Ng(xg, M^)' where k 
represents the indices for the fluxes emerging from the surface. 

In slab geometry, at a left boundary (s = 1), the equation for 
Ng(xi,Mi) is derived simply by setting M = +1- Difference equations for 
N(xi, Mi) for j / 2 < j < J are derived by integrating Eq. 7 with respect to M 
in the interval (Mi, Hj+i)- Difference equations are derived from Eq. 7 for a 
right boundary in a strictly analogous manner, except that one equation is 
obtained by setting M = "1 and the others are obtained by integrating with 
respect to M in the interval (|j,: j,M;). Before the difference equations at 
the boundaries are derived from Eq. 7, the integral over AMS that appears 
on the right-hand side is expressed in te rms of Ng(xs, Mk) where k r ep re ­
sents the indices for the fluxes emerging from the surface. 

D. Method of Solution Used in Each Energy Group 

In Sect. II.C above, the difference equations derived for each energy 
group from the basic balance equation and the boundary conditions were de­
scribed. These difference equations are J X MAX in number, for the solu­
tions N(xj, Mi) must be obtained at every point xj of the x space and at 
every point jij of the M space As previously defined, the maximum i is 
MAX and the maximum j is J, hence the need for J X MAX equations. 

If the te rms obtained from q(x, \i) in Eq. 5 (when the difference 
equations are derived) remain on the right-hand side and if the t e rms 
obtained from the scattering integral are taken to the left-hand side, the 
entire set of difference equations can be conveniently represented in matr ix 
form as MN = Q, where M is a J X MAX by J X MAX matrix of coefficients, 
N is a flux vector with J X MAX components, and Q is a source vector with 
J X MAX components. . 
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The first J rows of M a r e the coefficients of the difference equations 
derived for Xj = xj and j - J through I, respectively. The next set of 
J rows corresponds to X2. etc. 

The solution to this set of equations is accomplished in three steps, 

1 By simple Gaussian elimination, the subdiagonal elements of M 
are reduced to zero in the first column, then the second, the third, etc. This 
is most conveniently accomplished in the following manner Let Li be a 
unit J X MAX by J X MAX matrix, except for nonzero elements in the first 
column, and let Lj be such that LjM = Mj, where Mj has zero subdiagonal 
elements in the first columr,. Let Lj be a unit J x MAX by J X MAX matrix, 
except for nonzero elements in the second column and let L^ be such that 
hzMi - Mi. where M^ has zero suDdiagonal elements in the first and second 
columns In a s imilar manner, one can define LJ and Mj for 1 S i s MAX - 1, 
(Each Lj has at most J + 1 nonzero subdiagonal elements in spherical geom­
etry and (3/2)J - 1 in slab or 3J - 1 in slab with periodic boundary condi­
tions, for that is the maximum number of subdiagonal elements that can 
appear in any column of M.) Moreover, one can define 

^ ^ (iiMAX-liiMAX-2--- t-iLzLi) 

and 

il = MMAX-1 

Hence, 2i is a lower-diagonal matr ix with a diagonal of unit elements and 
U is an upper-diagonal ma ' r ix with nonzero.diagonal elements (and no more 
than J + 1 nonzero supetdiagonal elements in any column in spherical ge­
ometry; and (3/2) j - 1 in slab and 3J - 1 in slab with periodic boundary 
conditions). 

Overall storage in the TESS program is conserved by storing 
each subdiagonal column of an Lj sequentially in a vector 3000 words long, 
and storing vectors on tape in as many 3000-word (or less) records as nec­
essa ry Likewise, the U mat r ices are stored row wise backward in vector 
form on tape in 3000-word (or less) r ecords . 

After this matr ix manipulation is accomplished, the original 
matr ix equation can be expressed as L^"'LMN = L" UN = Q^ 

2, The second step is simply to premultiply the Q̂  vector by L for 
it is obvious from the matr ix equation that LL'^UN = UN = LQ = P, 

3. The third step accomplishes the solution for N (all components 
N(xj, Hj) by a back solution using the matr ix form UN = P), This is possible 
because the last row of this matr ix equation is a function of only a single 
component of the ^ vector; namely, N(XJ^^AX- MIJ)-
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Because the matr ix U. is an upper-diagonal matr ix, each row 
can be successively used to compute a component of the N vector in t e rms 
of components evaluated by using the rows below, until, finally, the entire 
solution for the N vector is accomplished. 

In these three steps the solution is accomplished for the given value 
of the Q vector, which of course depends upon the fixed volume sources , 
boundary sources, group-to-group scattered sources , and fission sources 
for a given group. If there are no fission sources in a TESS problem (and 
no upscattering is allowed), there is no iteration required to obtain the solu­
tion for any number of groups. (The maximum number of groups allowable 
in the program is 26.) If fission sources are allowed, the i terat ions required 
are only the outer iterations (common to the usual diffusion-theory solutions) 
that are necessary to converge the source distribution which determines , 
finally, the Q vector. 

Moreover, the L̂  and U_ matr ices need be formed only once for each 
group of a TESS problem. Therefore, step 1 is performed for each group 
before the first iteration only. The outer i terations after the first proceed 
much more rapidly because only steps 2 and 3 are needed to compute the 
new N vector. 

E. Energy-group Coupling 

The TESS program, as already stated, allows up to a f i r s t -order 
Legendre polynomial representation of the scattering function for scattering 
within a given energy group, and down one group. For t = 0 scattering, 
12 downscatter groups are allowed. 

Energy groups are also coupled by fissions which produce source 
neutrons simultaneously in a number of groups. 

Both forms of coupling are described by the equation for the source 
te rm q(x, M) in Eq. 3, The source is assumed to be isotropic, except for the 
-L = 1 scattering-in and down-one source, and in any group g the isotropic 
component source is given by 

'Ig^") = ^ 

• g - i 

'^g 
Z ^m-g(^)Fm(x) + — Z ^m^f,m{x)Fm(x) + Sg(x) 

^' m=l 

particles 
(8) cm^ sec s teradian ' 
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By definition, 

1 ^" ' 
qg(x, H) = q g ( x ) + — ^ 32:Jn^g(x)MJ(x), 

m=i 

f̂ " r ' part icles 
F m W = / / N(x,M)dMd9 ; , 

J J , cm' ' sec 
0 - 1 

where Fj^(x) is the usual scalar flux, and 

o2TT pl 

Jm(x) = I I MN(X, M) dM dtp = scalar current . 

Fj^(x) = Fj^(x) as calculated in the previous outer i teration. (In a first 
i teration, a source guess is used directly rather than a flux guess.) 

Sj^__(x)(cm"') is the -1 = 0 cross section for the scattering of neutrons 
from group m to g. (As noted, m < g, and r^^., (x) is 
constant with respect to x in each region.) 

Eĵ _» (x)(cm"') is the t - \ c ross section for scattering neutrons from 
m to g. 

Xg is the fraction of fission neutrons released in group g. 

Normally, Z ^g ^ '•) 

Vjĵ  is the number of neutrons produced per fission by neutrons 
absorbed in group m. 

'^m^f m(-'')('-"^"') is the fission cross section for neutrons in group m mult i­
plied by the number of neutrons per fission. 

G is the total number of groups, G s 26 in the TESS program. 

X' is equal to unity in those problems that are not eigenvalue 
problems. During the outer i terat ions of an eigenvalue 
problem, it is the computed eigenvalue from the last 
i teration, 

Sg(x) (pa r t i c l e s / cm ' sec) is the fixed volume source for group g. 
It remains constant throughout any problem, but it can be 
given pointwise as a function of x. 

The fixed source Sg(x) is assumed linear in x in any interval (xj.xi^.]), the 
c ross sections a re constant in each region, and Fg(x) is l inear in (xj, xj+j), 
so that q(x) is also linear in the same interval . Hence, assumptions with 
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regard to the source generated by downscattering, fissioning, and fixed 
volume sources are consistent with the assumptions made in deriving the 
difference equations from Eq. 3, The TESS program properly allows for 
discontinuity (or double values) of the sources defined by Eq. 8 at all region 
boundaries in slab geometry. 

F . Integrated Balance Formulas 

TESS, as output, computes balance data for each group and each 
region according to the following formulas for spherical geometry: 

Net leakage = 4nxj; 
1 1 r r' 

2n r N(xj^, M)M.dM -4TTx^2nj Ng(xL, M)Li dM 

where XL is the value of x at the left boundary of the region and Xĵ  is the 
value of X at the right boundary. 

Absorptions = 4n I U t , g - ^ s o , g - Z ^-^m] ""^^gM dy^. 
Jx-^ \ ' m=g+i 

and 

Fixed-source production = 4n I S„(x)x dx. 

Fission-neutron production = — I '^a^i g^g^'')^ '^^' 

Similarly, in slab geometry, 

Net leakage = 2n 
1 1 

J Ng(xL, M)|i dM + j Ng(xR,M)ndH 

Absorptions = / f Z t g - E g j g - ^ S g , . ^ j Fg(x) dx. 

Fixed-source production = j Sg(x) dx, 
' R 
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and 

Fission-neutron production = -r j ^g^f,e-^E(-'') '^•'^-

^ L 

In these final balance formulas, the Fj^(x) and the \ used are those 
of the same iteration that is being edited. Therefore, the balance will be 
imperfect to the degree that there is lack of convergence in the outer iter­
ations when: 

a. X = 1 and the problem is not an eigenvalue problem, but there 
are fissions (some Ej j ^ is nonzero). 

b. The problem is an eigenvalue problem and the total fission 
source production is correct, but (because of lack of convergence in the 
scalar-flux distributions in space and energy) the production in a given 
region and group will not equal the losses. 

G. Integration Formulas 

Since the angular flux and angular adjoints are available from a 
particular problem (when so requested), there is no reason why the integral 
of the product should not be computed "exactly." The product integral would 
be "exact" to the extent that the angular flux and adjoint can be represented--
as TESS in fact does--by bilinear functions of space and angle. Let f and g 
be the angular flux and adjoint, respectively, and each is assumed to be 
bilinear in r and a, that is, 

cl \ cl \ f ( r i+i .Hj) - f(ri ,Mj) . , f("-i. M.j+i) " f ( r i , Hj) 
f(r , H) = f ( r i , Hj) + / . ^ (r - r J + ^ . ^ in - Lij) 

f ( ^ i ^ , , ^ X j ^ . ) - f ( r J ^ . , ^ . j ) - f ( r , , H j ^ , ) ^ f ( r . , H j ) 
+ -, TT- T (r - "-i (M - Lii , 

(rj .^, - ri)(Hj.H - Mj) J 

r j S r S rj+i and pjS p. S MJ+, , (9) 

w h e r e the e n e r g y d e p e n d e n c e h a s b e e n o m i t t e d . 

The p r o d u c t f(r , M)g(r, M) i s q u a d r a t i c in r and H and is f a i r l y 
l eng thy . H o w e v e r , the i n t e g r a l of the p r o d u c t o v e r bo th angle and s p a c e 
c a n be w r i t t e n f a i r l y s i m p l y . It i s 
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I / f ( r , ) i ) g ( r , u ) d;i dv = X " T r ' " ^ r ' ^ ' ' ' ' J * ' ' J ' ^ ' ' ' ' ' ' " J + ' ^ ' . J ' - i + - ' 

+ ^ (£i, j+l8i. j + f i , j 8 i , j + l + f i , J i - j g i , J l - j + l + ' i , J l - j + l 8 i , J l - j ' + ' ' 3 - i ' ^ i . J + ' 8 i , j + l + f i , J l - j e i . J > - j ' J 

+ ^ Z h' 'J( ' i+l,j8i,j+fi+l,Jl-j+i8i,Ji-j+i) 

+ - ^ (^i+l,j+iSi,j + ' i+ l , jS i , j+ i + ' i + i , J ' - j 8 i , J i - j + l + ' l + l , J i - j + l 8 i , J l - j ' 

1 2' " " r 

+ b 3 j ( f i + , , j + , g i , j + , + f i + , , j , . j g i , j , . j ) + ^ Z h ' j t ' i . j g i + i . j + ' i . J i - j + i S i + ' . J l - j + l ' 

+ -J- (^i,j+i8i+i,j +f i , jg i+i , j+i + f i , J l - j 8 i + i . J i - j + i + f i , J l - j + l g i + l , J l - j ) 

+ b 3 j ( f i j + , g ; + , j + , + f i , j , - j g i + , , j , - j ) + a3i Y. b l j l f j+i jg i+ , j + f i + i , j , . j + , g i + , j i . j + i ) 

2"( ' i+l , j+igi+i , j +f i+i , jg i+i , j+i + ' i + i , J i - j g i + i , J i - j + i + ^ i + l , J l - j + i g i + i , J i - j ) p ( l O ^ ¥' 
where the r and M dependence are implicit in the subscripts , and 

blj = b2j = b3j = -^ t^V'y 

^^i = ^̂ j+i " i^j' 
n = number of angular intervals, 

T1 u c I . /= n + 2 for slab \ J l = number of angular points , , ^ ^ \.= n + 1 for sphere / 

I = number of space points over which the integration is being 
performed. 

Ar; = r i+i " r j . 

and 

a l l 

a2i 

Q'3i 

Slab 

1.0 

1.0 

1.0 

Sphere 

-f-(r?+, + 3ri+,ri + 6r?) 

^ ( 3 r ^ ^ , + 4 r i + , r i + 3 r ? ) 

Y(6'^i+l + 3ri+,ri + r?) 

Cylinder 

^ 1 , \ 
2 (-^i+i + 3>-i) 

"(•^1+1 +^^i) 

TT 

-̂  (3ri+i + ri) 
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Integration of the scalar product is s imilar and is obtained by sub­
stituting the appropriate scalar products in place of the summations over 
angle in Eq. 10. 

In cylindrical geometry, the coefficients for Eq. 10 are 

it|>j{l + 2 cos2 iPj.^,) - ( cos 9 j+ , ) (3 s i n v-^^ - 4 s in j) - c o s iPj s i n ip-
b l j = , 

( cos tpj+i - c o s tpj) 

b2 j 

b J j 

-Al(ij(l + 2 c o s ipj+, c o s tPj) + ( c o s 9j .^ , ) (s in p , ^ , - 2 s in cp,) + ( cos iPj)(2 s i n v-.^, - s in Vj) 

Wj+, - c o s !Pj) ( cos V.+i - c o s !P; 

a(p;(l + 2 c o s ^ ($:) - c o s V;(4 s in V: + j - 3 s in tp;) + c o s tp:^.j s i n tp;.,., 

( c o s 9j .^, - c o s tpj) 

where tp is the azimuthal angle. 

Note that the current version of TESS does not have a cylindrical-
geometry option. 

H. Cross-sect ion Homogenization 

The flux and bilinear weighting schemes incorporated in TESS are 
based on the theoretical development by Nicholson.^ The theory is predi­
cated upon the idea that the system in question, either slab or spherical, is 
made up of repeating cells which are t h e m ^ l v e s of slab or spherical geom­
etry. The cross sections of the cell composition may then be spatially 
averaged over one cell, or collapsed over energy, or both. This can be 
done using, either bilinear or real-flux weighting. The resulting homogenized 
cross sections would then typically be used in an ensuing homogeneous cal­
culation over the actual dimensions of the system. There a re actually three 
different bilinear weighting options in TESS as well as three real-flux 
options. One of each trio is more correct for cases where the entire sys­
tem is a sphere (or a cylinder that has roughly equal height and diameter); 
a second is better for a slab; and the third is preferable for any system in 
which the leakage is predominantly paral lel to the plates. 

Following are the expressions used for bilinear weighting of the total 
c ross section, the isotropic scattering cross section, the fission cross sec­
tion (averaged together with the fission spectrum x ^"d the number of neu­
trons per fission v), and the f i r s t -order anisotropic scattering cross section, 
respectively: 
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(D^ = ̂  Z [ A " ''^ < ( - n)̂ g(x)N (̂x, a) 
*-' g in G -^ -' 

rr dN '̂̂ (x,f2) 
J— y / dndVN^(x,n)M—^; , (11) 

4TTVT1^ 

<Eis)jG = i y y / / / dVdfidn' N^+(x.n)sj|(x)N?(x,n'), 
16"'vnG g i n G j in J ^ ^ ^ (12) 

<XvEf)„ = — 4 — Z Z r f fdVdndf) 'N- / (x ,n)xgVjEfj (x)N?(x,n ' ) , 
'J'-' 16n'VTlG g i n G j in J -̂ -̂ -̂  (13) 

and 

<^'> JG = ^ — I Z f dV E- (x) r dQ I. | N f (x, n) 
JG 4n2vnG g in G j in J -̂  -"̂  -̂  

fdn' |M'|N?(x,n'), (14) 

where 

^G = 2 ^ hi ^ //dndVN|+(x,n)|MN^(x,f^). (15) 
g in G 

The angular flux N^(x, f!) and adjoint N^ (x, Cl) must be normalized 
as follows: 

Z / d v /dnN^(x,n) = 1; (16) 
g in G ^ -^ 

Z / dV I dfiN^t(x,f7) = I. (17) 
g in G -̂  -' 

In these expressions, g is an energy group in the Gth homogenized 
energy group, V is the volume of the cell (actually just the thickness since 
the code is one-dimensional), and M is the direction cosine of the angular 
flux. The integrals over volume are integrals over the thickness of the 
cell; most of the weighting options in TESS work onlv in slab sesiiacsixw. 
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The homogenized cross sections, as given by Eqs, 11-15 are for 
bilinear weighting appropriate to a case in which the final homogeneous sys ­
tem is in slab geometry. One gets this weighting by setting the output option pa­
ramete r NOT equal to 8. If the system m which the cell-homogenized cross 
sections a re to be used is ' pseudospherical ," Nicholson s theory predicts 
that one gets slightly better resul ts if {H| is replaced in Eq, 15 by l / 2 . This 
occurs for NOT = 5. However, if the system is such that the neutron leakage 
occurs pr imar i ly in a direction paral lel to the plate s t ructure , the recom­
mended option is NOT = 10. In this mode, the only change is that in Eq 15 
for TIQ, |M| is replaced by (2/Tr) • / ] - M^ 

Similarly, the flux weighting formulas follow from Eqs, 11-15 merely 
by setting N̂ ^̂  equal to unity, and in addition (in Eq, 15) only |H 1 = l /2 for 
pseudospherical final geometry or |H | - (2/TT) ^ 1 - H'' for leakage paral lel 
to the plates. Note that for any of the flux-weighting-only options, the second 
t e rm in Eq, 11 for the total cross section vanishes. 

The integrations necessary in calculating the homogenized cross 
sections follow the assumptions of Sect. II.G above, that both the flux and 
the adjoint a re bilinear functions of space and angle. Thus any product of a 
flux and an adjoint, each of which is oi no higher order than linear in space 
or angle, would be integrated exactly 

The fission mat r ix given by Eq 13 is in fact a full matr ix , dependent 
upon both J and G in a nonseparable manner From this , TESS calculates 
two more conventional quantities, 

vj^iJ = Z <XvEf) 
G 

and 

^ J G 
<xvi;f)jQ 

^ j ^ f j 

On the assumption that the fission spectrum depends but weakly on the 
energy of the neutron causing the fission, TESS is programmed to handle 
a f i ss ion-spect rum vector only. Never theless , the bilinear weighting 
prescr ipt ions in TESS will produce a x ' m a t r i x in which the columns (labeled 
by J) will not be identical, although m pract ice they a re very nearly so. 
Since TESS is incapable of using a X'^^atrix, for each homogenized region 
the x-vector for the energy group with the greates t production of fission 
neutrons is chosen. In case the homogenized cross sections a re to be used 
in a code that can handle an energy-dependent fission spectrum, TESS 
punches out both the x-matr ix and the selected x-vector, in XLIBIT format 
only ( M I K = 2). Regardless ot the output-punch option, the energy-dependent 

' " ys included m the printed output. 
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I. Buckling 

TESS has provisions for treating leakage as either a "source" modi­
fication or a "sink" modification. In the former , the source t e r m for each 
energy group (take group g, for example), including the in-group scattering 
source, is multiplied by the nonleakage factor 

i:tg+ (DB')g 

where Etg is the total macroscopic cross section for group g, and (DB^)g is 
the leakage appropriate to that group. The source modification can be used 
only in slab geometry, and DB^ must be input one value per group. There 
is no provision for DB^ to be region dependent. This leakage treatment 
was devised by Arne P. Olson. 

The sink modification can be used in either slab or spherical geom­
etry and treats DB^ as a fictitious absorption cross section, 

t̂ = t̂ + g . 

This increase to the total cross section is made in every group. Here, B^ 
rather than DB is the input quantity, and may be a single value, group 
dependent, region dependent, or both group and region dependent. After the 
flux-iteration sequence has converged, the buckling correction is subtracted 
from Ef, returning the mixture total cross sections to their original values. 
The buckling correction is made at the mixture level, so mater ia l (or group 
and material)-dependent bucklings must be entered in addresses correspond­
ing to the appropriate mixture numbers , not isotope numbers . 

Investigation is going on at the time of the writing of this report con­
cerning the relative mer i ts of the source and sink treatments of the buckling. 
The only result so far is that for a theoretical slab reactor with leakage 
perpendicular to the plates, the cell calculation using the source method 
gave a kgff that was somewhat closer to the exact value for the system. 
For most purposes, either method is probably quite accurate , considering 
the uncertainty in the buckling values one uses . 
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A 

B 

C 

Fissions 

No fissions 

Fissions 

III. OUTER-ITERATION AND CONVERGENCE CYCLE 

A. Source Iterations 

Three classifications of problems may be run with the program: 

Type 

No fixed or boundary sources 

Fixed or boundary sources 

Fixed or boundary sources 

Problem types A and C require outer i terat ions. Problem type B requires 
no outer i terat ions. 

The fission density at a point is defined as 

G 
^°i = Z (Fm,i^mSf,m,i) (18) 

m = i 

for the real solution; and, for the adjoint solution, 

G 

^^\ - Z (^m.iXm.i). (19) 
m = i 

where the i subscript denotes values at the p'oint xj. 

In the problem type A, at the beginning of each iteration, the fission 
density is normalized so that its integral over the fissionable volume is some 
input value, FAC. The outer i teration begins with the solution for the group 1 
fluxes at all spatial points. The code then solves for all flux values in the 
second group, using the recently obtained values for the first group flux for 
the scat ter ing-in source. Finally, the last group fluxes a re computed. The 
adjoint solution s ta r t s with the last group and works up to the f irst . Then 
new values of the fission density a re computed, and the eigenvalue is defined 
as 

/ • FD dV 

^ " ~ F A C • 

The fission density is then renormalized by dividing each new value by \ . 
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At this point a test for convergence is made. The problem may be 
made to converge pointwise on fission density or on the problem eigenvalue. 
If eigenvalue convergence is desired, the test is as follows: 

^k " ^k-J (For problem type C, X represents the , , 
X.j^ ' total integrated source from fissions.) 

where k indicates the present iteration and e is an input quantity (EPSl). 
If pointwise convergence is desired, each point value of the normalized 
fission density for a given iteration is divided by the respective normalized 
point for the previous iteration. Let E^^^^ be the maximum value of this 
ratio and Eĵ iin the minimum value of this ratio. Then the test is 

s e . (21) 

Fission-density extrapolation at each point xj may be applied after 
the third iteration, by one of two possible procedures. A linear extrapolation 
of the following form can be used 

F^lk = FD. ĵ (I + e ) - 6FDik-i. 

where k indicates the iteration index and G is an input value. Experience 
has shown, however, that a bad choice of 9 can be worse than no extrapola­
tion, especially for large systems. Therefore, a Chebyshev polynomial 
extrapolation procedure, which determines optimum extrapolation param­
eters, is used, unless the code user desires something else. This code uses 
the Chebyshev extrapolation subroutine developed for one-dimensional 
diffusion-theory codes by Putnam^ and is based upon the procedure developed 
for PDQ-5.'' 

B. Search Iterations 

The search process consists of the search routine modifying either 
a concentration (jSP = 1) or a zone thickness (JSP = 2), followed by a series 
of outer iterations to converge the flux or fission density or both. Any 
series of outers can be terminated in three different ways: (1) The con­
vergence criterion EPSl is satisfied, (2) the limit on the number of outers 
for a given search cycle, KITl, is reached, or (3) the limit on the total 
number of outers for the problem, ITOUT, is reached. In the event of (3), 
the problem is terminated, in the event of either (l) or (2), the search 
routine is reentered unless the current value of the eigenvalue differs from 
SEN by less than EPS3. In the latter case, if (1) is true, the problem is 
finished, if (2) is true, the limit KITl is ignored and the outers continue until 
either the problem is converged or | \ - SEN| is no longer less than EPS3, 
which causes immediate transfer to the search routine. 
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After the search routine has used the second guess (SGES) input by 
the user , subsequent guesses for the search parameter a re generated using 
quadratic interpolation based on the three most recent values of the search 
paramete r . If interpolation (or extrapolation) sends the parameter to zero 
or negative, an al ternate guess is generated by dividing the smallest of the 
values used in the interpolation by 5.0. 

The user should be cautioned at this point that t ranspor t - theory 
searches a re expensive. It is usually advisable to run perhaps three change-
case problems that will bracket the dimension or concentration desired, 
interpolate to obtain the parameter desired, and then run a fourth case to 
confirm the choice. If the search option is used, care should be exercised 
to allow a sufficient number of source i terations so that the eigenvalue is 
reasonably converged before the paramete rs a re changed. Otherwise, bad 
guesses can be generated, thus requiring much excess computer t ime. 

For the dimension search, the input includes the region number of 
the region whose thickness is to be varied (KREG), For the concentration 
search, three quantities should be entered: 

1. An index to indicate the mater ia l concentration to be varied 
( N S O S ) , 

2. An index to indicate the mater ia l concentration to be used as 
"filler" or "diluent" (NFOS). 

3. A s e a r c h r a t i o (RR). 

L e t N] and Nj be the v o l u m e f r a c t i o n s o r a t o m d e n s i t i e s of the 
s e a r c h m a t e r i a l and the f i l l e r m a t e r i a l , r e s p e c t i v e l y , a c c o r d i n g to the i n i t i a l 
g u e s s - - i . e . , a s input in the CONC v e c t o r . L e t Nj be t he s e c o n d g u e s s for 
the s e a r c h p a r a m e t e r (SGES). The code f inds the c o r r e s p o n d i n g second 
g u e s s for the f i l l e r c o n c e n t r a t i o n or v o l u m e f r a c t i o n , N2, by so lv ing 

N^ = N2 - RR X (Nl - N , ) . (22) 

T h e r e f o r e when the N ' s a r e v o l u m e f r a c t i o n s and the t o t a l vo lume 
i s to be kept c o n s t a n t ( i . e . , Nj + N^ = Ni + Nj = c o n s t a n t ) , RR = 1, How­
e v e r , when the N ' s a r e a t o m d e n s i t i e s , the va lue of RR tha t p r e s e r v e s the 
t o t a l v o l u m e i s g iven by so lv ing 

RR = ^ , (23) 
P1A2 ^ ' 

w h e r e pj and P2 a r e m a t e r i a l d e n s i t i e s and A; and A2 a r e a t o m i c w e i g h t s . 

The s a m e p r o c e d u r e is r e p e a t e d to g e n e r a t e the new va lue of f i l l e r 
a t o m d e n s i t y o r v o l u m e f r a c t i o n e a c h t i m e the s e a r c h r o u t i n e i s e n t e r e d . 
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IV. INPUT 

T h e r e is a m i n i m u m of t h r e e m a i n s e c t i o n s of input for e a c h p r o b l e m : 

1. A l p h a n u m e r i c c a r d . 

2. F i x e d - p o i n t da t a . 

3. F l o a t i n g - p o i n t da ta . 

4. Opt ional ly , c r o s s - s e c t i o n t ape e l e m e n t n a m e s . 

5. Opt ional ly , r e a c t i o n - r a t e e l e m e n t n a m e s and c r o s s s e c t i o n s . 

The input f o r m a t h a s been c o n s t r u c t e d for a m a x i m u m c h a n g e - c a s e 
and s e r i a l - c a s e capabi l i ty , a m i n i m u m n u m b e r of input c a r d s , and a t h o r o u g h 
i n p u t - e r r o r check . (A change c a s e i s a p r o b l e m tha t i s the s a m e , e x c e p t for 
m i n o r c h a n g e s , a s the one p r e c e d i n g it in a se t of p r o b l e m s r u n s e r i a l l y on 
the c o m p u t e r . ) E a c h s e c t i o n of input wi l l now be d e s c r i b e d . 

A. A l p h a n u m e r i c C a r d ( c h a n g e - c a s e option) 

The a l p h a n u m e r i c c a r d m a y conta in any d e s i r e d a l p h a n u m e r i c in fo r ­
m a t i o n in co lumns 1-72 and a two-d ig i t t e s t in c o l u m n s 7 3 - 7 4 . A one in 
c o l u m n 1 wi l l s t a r t a l l p r i n t o u t s a t the top of a new p a g e . 

The two-d ig i t en t ry in c o l u m n s 73-74 is u s e d to t e l l the p r o g r a m 
whe the r a c h a n g e - c a s e p r o b l e m fo l lows . If c o l u m n s 73-74 con t a in 88, any 
homogen ized c r o s s s e c t i o n s compu ted in th i s p r o b l e m wil l be s t o r e d for the 
next p r o b l e m . If co lumns 73-74 con ta in any o t h e r two d i g i t s , t h e n any 
homogen ized c r o s s s ec t i ons g e n e r a t e d in the p r e s e n t p r o b l e m wi l l not be 
saved in m e m o r y for succeed ing c h a n g e - c a s e p r o b l e m s . 

If co lumns 73-74 conta in 99, a l l the input a r e a of m e m o r y wi l l be 
z e r o e d out before r ead ing the input for the p r e s e n t c a s e . 

The a l p h a n u m e r i c c a r d m u s t a lways be p h y s i c a l l y the f i r s t c a r d in 
e v e r y c a s e . 

B. C a r d F o r m a t for F i x e d - p o i n t Data 

The c a r d f o r m a t for the f ixed-po in t da ta i s a s fo l lows: 

C a r d co lumns 1-2 N u m b e r of p i e c e s of da ta on th i s c a r d ( r i g h t -

ad jus ted*) : 1 s No. s 20. 

C a r d c o l u m n s 3-6 Nonzero : Th i s is the l a s t f ixed-po in t da t a c a r d . 

Z e r o (or blank): T h i s i s not the l a s t f ixed-po in t 
da ta c a r d . 

•Right-adjusted means that the last significant digit of a numberfc positioned in the card columns at the 
extreme right of the field. 



Card columns 7-12 Address of f irst piece of data on this card (right-
adjusted). 

Card columns 13-15 Up to 20 pieces of integral data (each right-
16-18 adjusted) in 13 format, 
19-21, etc. 
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Section IV.F below contains the addresses , identification, and explanation of 
the fixed-point data. 

C. Card Format for Floating-point Data 

The card format for the floating-point data is as follows: 

Card columns 1-2 

Card columns 3-6 

Card columns 7-12 

Card columns 13-24 
25-36 
37-48 
49-60 
61-72 

Number of pieces of data on this card (right-
adjusted): 1 s No. S 5. 

Nonzero: This is the last floating-point data card. 

Zero (or blank): This is not the last floating-point 
data card. 

Address of first piece of data on the card (right-
adjusted). 

Up to five pieces of floating-point data in El 2.6 
format. 

Note: The floating-point data format may be il lustrated by the following 
examples, all acceptable, for the number 3.1415927: 

+ 

3 

3 

3 

3 

(b) 

3 

3 

3 

1 

0 

3 

1 

I 

1 

1 

1 

3 

4 

1 

4 

4 

4 

4 

4 

1 

1 

1 

4 

1 

1 

1 

1 

1 

4 

4 

5 

1 

5 

5 

5 

5 

5 

1 

1 

9 

5 

9 

9 

9 

9 

9 

5 

5 

2 

9 

2 

2 

3 

2 

2 

9 

9 

7 

2 

7 

7 

E 

7 

7 

2 

2 

E 

7 

-
+ 

+ 

0 

0 

7 

7 

-

0 

0 

0 

0 

+ 

-

+ 

+ 

0 

(b) 

1 

0 

0 

0 

1 

2 

0 

1 

(b) 

(b) indicates blank 

Section IV.G below contains the addresses , identification, and explanation 
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D. Optional Cross-sect ion Tape Information 

If MMIX (fixed-point address 16) is nonzero, the program expects 
additional information after the last floating-point data card. In general, 
this is only required for the first case of a se r ies unless MMIX is set non­
zero in a change case, because the program sets MMIX = 0 during the 
first problem. 

There will be one or two cards depending upon the value of MMIX. 
The card formats are as follows: 

a. Card 1 
Card colunuis 1-5 Alphanumeric cross-sect ion set identification--

must be the same as on the tape. 

Card columns 7-12 Up to 11 alphanumeric mater ia l names - -mus t be 
13-18 the same as on the tape. 
19-24, etc. 

b Card 2. If more than 11 elements are requested, the second 
card is required. 

Card columns 1-6 Alphanumeric mater ia l names. 
7-12, etc. 

The code limitation of no more than 20 isotopes from tape is not as 
restr ict ive as it might seem. One can form macroscopic mixtures and then 
read more cross sections on a succeeding change case, thus utilizing repeat­
edly memory locations that do not contain mixture cross sections that must 
be saved for the neutronics calculation. 

Note: There must be a one-to-one correspondence between this list of 
materials requested from tape and the NTMIX vector (fixed-point addresses 
166-185). 

This program will read only cross-sect ion tapes that a re in the 
XLIBIT format.'^ K the tape contains scattering cross sections for t > 1, 
the total I > I values are subtracted from Ej 
pseudotransport correction. 

and E ^ {I = 0) for a 

The code cannot handle energy-dependent fission spectra, and if the 
tape contains it, the job will be rejected. Also, if the tape contains down-
scatter information for more than 12 groups, or for more than one P] 
downscatter group, this will be ignored, and a message will be printed out 
indicating the materials having too many downscatter groups. 
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E. Optional React ion-rate Material Names and Cross Sections 

If, and only if, NRATE (fixed-point address 225) is nonzero, the 
program expects additional information after the c ross -sec t ion tape infor­
mation. This additional information consists of two par ts ; the first gives 
the names of isotopes for which reaction ra tes a re desired (NRATE names), 
and the second part is c ross sections. 

The react ion-ra te isotope names are input on one or more cards in 
(12A6) format. If an isotope name corresponds with a tape name, the capture 
and fission c ross sections from the tape will be read in for that isotope. 
Note that the c ross - sec t ion tape is read after the input deck. 

If NRATE is negative, the react ion-ra te c ross sections a re read in 
floating-point format (see Sect. IV.C), with the last card having a nonzero 
value in columns 3-6. The addresses a re as follows: 

Address 

^"26 Fission cross section for isotope 1, groups 1-26 

27-52 Fission c ross section for isotope 2, groups 1-26 

625-650 Fiss ion c ross section for isotope 25, groups 1-26 

651-676 Capture c ross section for isotope 1, groups 1-26 

677-702 Capture c ross section for isofope 2, groups 1-26 

1275-1300 Capture cross section for isotope 25, groups 1-26 

If NRATE is not negative, the second part (cross sections) referred 
to above does not appear. 

If react ion ra tes are desired for isotopes for which the cross sec­
tions a re read from a tape, the reaction ra tes must be requested in the same 
problem in which the c ross sections are read from the tape. (This is true 
even if the reaction ra tes a re desired only in a later change-case problem.) 
If this is done, and NRATE is not changed in subsequent change-case prob­
lems, the reaction ra tes for the isotopes requested will be calculated in the 
initial problem and in all following change-case problems. The program will 
not calculate reaction ra tes if NRATE is zero in the problem in which the 
c ross sections a re read from a tape, then is set to some number greater 
than zero in a later change-case problem. 
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F. Input Instructions for Fixed-point Data 

Fixed-
point 

Address 

1 

2 

3 

4 

5 

6 

7 

Name 
(dimension) 

MAX 

J MAX 

NGR 

N 

NDS 

NFS 

NOT 

Explanation 

Number of space points 

Number of regions 

Number of groups 

Number of angular intervals 

3 s MAX s 150 

1 fi JMAX S 40 

1 s NGR s 26 

N = 2,4.6,8,10,12,14.16.18,20 

Number of ^ = 0 downscatter groups 0 fi NDS fi 12 

Number of t = 1 downscatter groups 0 fi NPS fi 1 

Output control = 0, eigenvalue, scalar fluxes, fission density. 

= 1, output for NOT = 0 plus neutron balance. 

= 2, output for NOT = I plus angular fluxes. 

= 3, output for NOT = 2 plus iteration fission densities. 

= 5, output for NOT = 2 plus perturbation integrals, both 
flux and adjoint calculations are done automatically, 
homogenized cross sections are bilinearly weighted 
without "|j.-weighting." 

= 6, output for NOT = 5, except that no adjoint calcula­
tion is done and the homogenized cross sections are 
flux weighted (without "y,-weighting" ) only, 

= 7, same as NOT = 6, except that the homogenized 
cross sections are fliix weighted with "ti-weighting." 

= 8, same as NOT = 5, except that the homogenized 
cross sections are bilinearly weighted with 
"lA-weighting." 

= 9, same as NOT = 6, except that the homogenized 
cross sections are flux-weighted with " v l - \i^ 
weighting," 

= 10, same as NOT = 5, except that the homogenized 
cross sections are bilinearly weighted with " v I - |i^ 
weighting." 

= 11 
= 12 
= 13 
= 14 
= 15 
= 16 

same as NOT = 6, except that no flux or adjoint 
calculation is done. The fluxes and adjoints are 
assumed to be stored in memory from an earlier 
problem. 

Maximum number of outer iterations; initially set to 50 unless read in. 
If ITOUT - 40. one gets in addition a great deal of extra printout from 
the homogenization routine. If ITOUT = 0, no outer iterations are 
performed. 

Fission-density convergency option: 

= 0, pointwise convergence 

= 1, eigenvalue convergence 

Cross - section punch option: 

= 0, no punch 

= 1, punch in TESS format 

= 2, punch in XLIBIT format (see Sect. IV.H.3) 

= 3, punch both TESS format and XLIBIT format 
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F i x e d -
poin t 

Addreaa 

11 

N a m e 
( d i m e n s i o n ) 

L P G * 

Explanat i t 

F i s a i o n - d e n a i t y g u e a s opt ion ( s ee Sec t . III). 

P r o b l e m type A = 0. flat g u e s s , i n t e g r a l n o r m a l i z e d to F A C . 

= 1, input g u e s s , i n t e g r a l n o r m a l i z e d to F A C . 

= 2, g u e a s f r o m p r e v i o u s p r o b l e m , i n t e g r a l n o r m a l i z e d 
to F A C . 

P r o b l e m type B = i g n o r e d . 

P r o b l e m type C = 0, z e r o g u e a s . 

= 1, input g u e s s , not r e n o r m a l i z e d . 

= 2, g u e s s f rom p r e v i o u s p r o b l e m , not r e n o r m a l i z e d . 
*Note: S e a r c h p r o b l e m s wi l l l eave LPG = 1. so c h a n g e - c a s e p r o b l e m s following a s e a r c h p r o b l e m 
ahould u s u a l l y have L P G as input . F o r an adjoint c a l c u l a t i o n , the code i n t e r n a l l y g ives i t se l f a flat 
g u e a s , i gnor ing L P G , b e c a u s e a flat g u e s s is about a s good a s can be done for an adjoint c a l c u l a ­
t ion. T h u s , s e t t ing LPG = 2 is a d v a n t a g e o u s when a r e a l - f l u x c a l c u l a t i o n fol lows a s i m i l a r r e a l -
flux c a l c u l a t i o n having the s a m e n u m b e r of m e s h po in t s . Whenever NOT > 10, POWR I is z e r o e d ; 
t h e r e f o r e , if a r e a l - f l u x c a l c u l a t i o n fol lows, LPG should not be 2. 

12 I D P I n p u t - p r i n t opt ion 

= 0, p r i n t input . 

= 1. do not p r in t input 

^3 MUTEST A n g u l a r - i n t e r v a l opt ion 

= 1. equa l i n t e r v a l s in c o s 9. 

= 2. equa l i n t e r v a l s in 6. 

= 3, r e a d in. 

14 J S P S e a r c h option = 0, no s e a r c h . 

= I, c o n c e n t r a t i o n s e a r c h . 

= 2, zone t h i c k n e s s s e a r c h . 

iS NMIX N u m b e r of w o r d s needed to speci fy m i x t u r e s 0 fi NMEX fi 40 ( see MIX 
and CONC) 

16 MMIX N u m b e r of e l e m e n t s d e s i r e d f rom c r o s s - s e c t i o n t a p e . 

0 fi MMIX fi 20. Th i s i s s e t to z e r o by the p r o g r a m a f t e r the c r o s s s e c ­
t i ons for the f i r s t p r o b l e m have b e e n r e a d in, but can be changed by 
s u b s e q u e n t c h a n g e - c a s e input , if d e s i r e d . 

Region n u m b e r for zone t h i c k n e s s s e a r c h ( J S P = 2). 

P o s i t i o n in m i x t u r e v e c t o r (MIX) of s e a r c h c o n c e n t r a t i o n ( J S P = 1). 

P o s i t i o n in m i x t u r e v e c t o r (MIX) of d i luen t c o n c e n t r a t i o n ( J S P = 1). If 
NFOS = 0. no d i l ue n t . 

Index to d e t e r m i n e m a x i m u m n u m b e r of o u t e r i t e r a t i o n s p e r s e a r c h 
i t e r a t i o n . 

Buck l i ng - inpu t opt ion 

= 0. no buck l ing input . 

= 1, buck l ing m a t e r i a l - and g r o u p - i n d e p e n d e n t (one 
v a l u e ) . 

= 2, buck l ing m a t e r i a l - d e p e n d e n t (up to 25 v a l u e s ) . 

= 3, buck l ing g r o u p - d e p e n d e n t (up to 26 v a l u e s ) . 

= 4. buck l ing g r o u p - and m a t e r i a l - d e p e n d e n t . 

= 5, g r o u p - d e p e n d e n t DB^ v a l u e s input , mod i f i ed s o u r c e 
l e a k a g e t r e a t m e n t u s e d . (IG = I , on ly . ) 

17 

18 

19 

20 

21 

KREG 

NSOS 

NFOS 

Km 

IB UK 
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F i x e d -

p o i n t N a m e 

A d d r e s s 
/ , . . \ E x p l a n 
( d i m e n s i o n ) J-

22 M A D J A d j o i n t O p t i o n = 0 , r e a l - f l u x c a l c u l a t i o n o n l y . 

= 1, a d j o i n t c a l c u l a t i o n o n l y . 

= 2 , b o t h f l u x a n d a d j o i n t c a l c u l a t i o n . 

(If N O T - 5 , 8 . o r 1 0 , M A D J i s s e t = 2 i n t e r n a l l y . ) 

2 3 M F R P e r i o d i c - b o u n d a r y - c o n d i t i o n o p t i o n 

= 0 . n o . 

= 1, y e s . 

2 4 IG G e o m e t r y i n d i c a t o r 

= 1, s l a b . 

= 3, s p h e r e . 

(If IG i s n e g a t i v e , t h e o u t p u t w i l l i n c l u d e a c h e c k o u t d u m p of t r e m e n d o u s 

p r o p o r t i o n s . ) 

2 5 l E X O P F i s s i o n - d e n s i t y e x t r a p o l a t i o n o p t i o n 

= 0 , C h e b y s h e v p o l y n o m i a l e x t r a p o l a t i o n . 

= 1, n o e x t r a p o l a t i o n . 

= 2 , l i n e a r e x t r a p o l a t i o n . 

2 6 - 6 5 11(40) U p p e r - p o i n t i n d e x f o r e a c h r e g i o n ( J M A X v a l u e s ) 

I < n ( j ) fi M A X . J ^ 1. J M A X 

U ( J ) < I I ( J + 1) 

6 6 - 1 0 5 M I R ( 4 0 ) M a t e r i a l n u m b e r i n e a c h r e g i o n ( J M A X v a l u e s ) 

1 fi M I R ( J ) fi 2 5 . J = 1. J M A X 

1 0 6 - 1 4 5 M I X ( 4 0 ) M a t e r i a l n u m b e r s t o s p e c i f y m i x t u r e s ( N M I X v a l u e s ) ( s e e C O N C ) . 

1 6 6 - 1 8 5 N T M I X ( 2 0 ) M a t e r i a l n u m b e r s c o r r e s p o n d i n g t o t a p e - e l e m e n t n a m e s i n a o n e - t o - o n e 

c o r r e s p o n d e n c e ( M M I X v a l u e s ) . 

1 8 6 N H G P N u m b e r of h o m o g e n i z e d g r o u p s ( o n l y a p p l i e s if N O T ^ 5 ) . 

0 fi N H G P fi 2 6 

N u m b e r of h o m o g e n i z e d r e g i o n s ( o n l y a p p l i e s if N O T 2 5 ) . 

0 fi N H R E G fi 6 

L a s t p r o b l e m r e g i o n i n e a c h h o m o g e n i z e d r e g i o n 

( N H R E G v a l u e s ) 

L a s t p r o b l e m g r o u p i n e a c h h o m o g e n i z e d g r o u p 

( N H G P v a l u e s ) 

M a t e r i a l n u m b e r of f i r s t h o m o g e n i z e d r e g i o n t o d e s i g n a t e a d d r e s s e s f o r 

s t o r i n g a n d p u n c h i n g h o m o g e n i z e d c r o s s s e c t i o n s ; 1 fi L F R E G fi 2 5 . 

N u m b e r of m a t e r i a l s f o r w h i c h r e a c t i o n r a t e s a r e d e s i r e d . If n e g a t i v e , 

s o m e c r o s s s e c t i o n s w i l l b e r e a d i n w i t h t h e i n p u t d a t a ( s e e S e c t . I V E ) . 

P r o b l e m S k i p O p t i o n ; if I S K I P / 0 , t h e p r o b l e m w i l l b e s k i p p e d ; h o w ­

e v e r , a l l i n p u t p r i n t i n g a n t f c h e c k i n g a n d c r o s s - s e c t i o n m i x i n g a r e d o n e . 

187 

188-197 

198-223 

224 

225 

250 

NHREG 

LHREG(IO) 

LHGP(26) 

LFREG 

NRATE 

ISKIP 
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*-'• Input Instructions for Floating-point Data 

Floating­
point 

Address 

1 

2 

3 

4 

5 

6 

7 

8 

Name 
(dimension) 

EPSl 

Not used 

EPS 3 

FAC 

THETA 

SEN 

SGES 

RR 

10-49 

50-699 

700-1349 

1350-1999 

2000-2649 

2650-3299 

3300-9149 

9150-9774 

9775-10424 

10425-10476 

DELR(40) 

SIGT(26.25) 

SIGS(26,25) 

SIGS1(26,25) 

VUSIG(26,25) 

CHI(26.25) 

STR(234,25) 

STR1(25.25) 

VINV(26.25) 

ALPHA(2,26) 

10477-10528 BETA(2,26) 

10529-11048 GAMMA(10.2.26) 

Explanation 

Convergence criterion on fission density. 

Convergence criterion for search calculations. 

Fission-density normalization factor. Set = 1.0 if not read in. 

Power-extrapolation factor (only applies if lEXOP = 2) 

Desired value of eigenvalue for search problems. 

Second guess for search parameter (iR or CONC). 

Search ratio, for concentration searches to preserve the sum of 
volume fractions of fuel and diluent (see Sect m.B). 

Radius at left (inner) boundary; assumes XIN = 0 for sphere 
XIN must be s 0. 

Value of iR for each region (JMAX values). 

Total (or transport) cross section by group and material (see 
Appendix A). 

Zero-moment nondegrading scatter cross section (see 
Appendix A). 

First-moment nondegrading scatter cross section (see 
Appendix A). 

Fission cross section multiplied by number of neutrons emitted 
per fission (see Appendix A). 

Relative portion of fission spectrum emitted in each group for 
each fissioning material (see Appendix A), 

Zero-moment group-trans^pr cross sections (maximum of 
12 downscatter groups) (see Appendix A) 

First-moment group-transfer cross sections (maximum of 
one downscatter group) (see Appendix A). 

Inverse velocity for each group and material (see Appendix A). 
Mirror-albedo coefficients by boundary and group (initially 
set = 1.0, 1.0 for slab or to 1.0. 0.0 for sphere by the code). 
10425. 10426. group 1 (left, right). 

10475, 10476; group 26 (left, right). 

Isotropic-albedocoefficientsbyboundaryandgroup. BETA = 10 
causes every neutron striking the boundary surface to be re­
flected back isotropically. A value of BETA = x will in general 
cause the reflected current to be equal to x times the outgoing 
current, and the reflected flux is isotropic. 

Legendre-polynomial coefficients for a diffuse boundary source 
by degree (0-9), boundary, and group. To obtain the same 
angularly shaped source with respect to directions into the 
medium at both boundaries, the odd coefficients should be of 
opposite signs. 
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F l o a t i n g ­
point 

A d d r e s s 
Name 

(d imens ion) 

11049-11620 DELTA(22,26) 

11621-11642 EMU(22) 

11643-11682 CONC(40) 

E x a m p l e : 

Exp l ana t i on 

F i x e d - b o u n d a r y f luxes by a n g u l a r point and g r o u p . 
11049: fixed r i g h t - b o u n d a r y flux, g r o u p 1, ti = - 1 . 

11049 + N / 2 : fixed r i g h t - b o u n d a r y flux, g r o u p 1, ti = 0. 
11050 4- N / 2 : fixed l e f t - b o u n d a r y flux, g r o u p 1,^1 = 0. 

11049 + N + 1: fixed l e f t - b o u n d a r y flux, g r o u p 1, li = +1 . 

Values of c o s i n e s of the a n g l e s for e a c h a n g u l a r point s t a r t i n g 
with - 1 . 0 . In s l ab g e o m e t r y t h e r e m u s t be N + 2 v a l u e s (two 
li = 0 v a l u e s ) , and in s p h e r i c a l g e o m e t r y , N + 1 v a l u e s 
(one li = 0). 

M a t e r i a l a t o m i c d e n s i t i e s o r vo lume f r a c t i o n s for c r o s s - s e c t i o n 
mix ing , by pos i t ion (NMIX v a l u e s ) . 

F o r m t h r e e m i x t u r e s : MAT 1 = X, • MAT 2 + Xj • MAT 3, 
MAT 6 = X, • MAT 10 + X, * MAT 15 + Xj • MAT 20, and 
MAT 25 = Xj • MAT 1 + X, * MAT 5. 

Then NMIX = 10, and the MIX and CONC v e c t o r s would conta in 
the following va lues : 

Pos i t i on 1 2 3 4 5 6 7 8 9 1 0 

MIX 1 
CONC 0 

3 10 15 20 1 

11683-11871 

11872-12521 

POWRl(189) 

BUCK(26,25) 

SVM(189,26) 

F i s s i o n dens i ty g u e s s by s o u r c e point (2 at e ach i n t e r f a c e ) . 

Opt ional Buckling Speci f ica t ion . 
E n t e r one value of B ' in 1 1872. 
En te r one value for each m a t e r i a l , s t a r t i n g in 11872. 
E n t e r one va lue for e ach g roup , s t a r t i n g in 11872. 
E n t e r by m a t e r i a l , and for e ach n: ia ter ia l , by g r o u p . 
M a t e r i a l 1, g roup 1, goes in 11872; m a t e r i a l 2, 
g roup 1, in 11898, e t c . , down to n i a t e r i a l 25, 
g roup 1, in a d d r e s s 12496. 
E n t e r one va lue of DB^ (not B^) for e a c h g r o u p 
(NGR va lues ) , s t a r t i n g in 11872. 

Fixed vo lume s o u r c e by point and g roup (two at e a c h i n t e r f a c e ) . 

IB UK 
IBUK 
IBUK 
IBUK 

IBUK 

H. Additional Notes on Input 

1. Ax Criterion (DELR, floating-point address 10) 

Each region must have a positive Ax specified. A negative or 
zero value causes an e r ror indication to be printed and the job to be 
terminated. 

The criterion for choosing the proper Ax̂  values in each region 
depends upon the ratio of the nondegrading scattering cross section to the 
total cross section and on the order of the approximation. The physical 
exponential attenuation of the angular flux over each Ax interval is approxi­
mated according to the linearity assumption by a function of the form 

1 - x/2 
1 -f x /2-
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The Ax's in Table I have been chosen so that the angular flux 
neighboring the p, = 0 flux does not go negative due to this approximation. 
The cr i ter ion is derived using this flux since it has the greatest amotint of 
mate r ia l to t r ave r se per interval. Negative fluxes might still occur due to 
anisotropy in the angular distribution coupled with the linearity in p, that 
is assumed. In the latter case, a higher angular approximation should be 
tr ied. 

TABLE I. Maximum Recommended Mesh-interval Size^ 
(AX in mean free paths) 

n 

2 

4 

6 
8 
10 
12 
14 
16 
18 
20 

1 

2/3 
2/9 
2/15 
2/21 
111 
2/33 

2/39 
2/45 
2/51 
2/57 

0.8 

5/9 
5/24 

5/39 
5/54 

5/69 
5/34 

5/99 
5/114 
5/129 
5/144 

J:so/^t 

0.5 

4 / 9 
4/21 
4/33 
4/45 
4/57 
4/69 
4/81 
4/93 
4/105 
4/117 

0.1 

20/57 
20/117 
20/177 
20/237 
20/297 
20/357 
20,/417 
20/477 
20/537 
20/597 

0 

1/3 
1/6 
1/9 

1/12 
1/15 
1/I8 
1/21 
1/24 
1/27 
1/30 

This table is an expansion of a s imilar table in Ref. 2. 

The values in Table I may be cortsidered as "very safe" and 
usually may be increased at least by a factor of two in regions where the 
t ransport is unimportant and/or there are large fixed sources . 

2. Additional Boundary-condition Information 

The user may specify any number for either the mi r ro r or 
isotropic albedo coefficients; however, if the sum Ag „ -f- Bg „ at any sur­
face in any group is grea ter than 1.0, then the returning current will be 
larger than the exit current . Such a situation is usually physically unreal­
ist ic, but in certain problems a surface albedo greater than one is a valid 
representat ion. For example, a thin film of ^"Pu at a boundary of symmetry 
might be very well represented by setting Ag „ and Bg _ to nonzero values 
with Ag g \ Bg „ greater than one. In these cases in which a boundary sur­
face actually serves as a multiplying type of source, the program will still 
accept problems of type A, B, or C according to Sect. III.A without detecting 
a boundary source as such. Therefore, care should be taken to avoid trying 
to find solutions to problems with no steady-state or persist ing solution. If 
the periodic boundary condition is specified (MFR = 1), the albedo coeffi­
cients determine the incoming flux at one boundary from the outgoing flux 
at the ODDOsite boundary. 
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3. XLIBIT'^ Output-card Format 

Because only the cross sections needed in the TESS code are 
available for homogenization--namely, St, vEf, and the scattering cross 
sections--the XLIBIT type-1 card punched by TESS contains the following: 

The Scap field = 0, 

NDS 
the Sfigg.i field = 2abs,i = ^t,i " 2 . ^s.i^i-l-j' 

j=o 

and 

the V field = vEfigg/Sabs-

The code punches both kinds of XLIBIT type-2 cards; i .e. , it 
punches out a fission-spectrum fraction matr ix (which is a separate fission 
spectrum for each energy group) as well as a group-independent fission-
spectrum fraction vector. TESS can use only the latter, but for the purposes 
of codes that can use it, the matr ix is also punched out. Thus the user 
should discard one or the other from the deck of punched cards . Any 
homogenization option using flux weighting only usually yields an energy-
independent x-vector, although only for NOT = 6 will this vector be the 
same as the input x- An exception would be a case in which one spatially 
collapses over a cell containing at least two regions with different x-vectors . 
Any bilinear weighting option typically results in a x-matr ix . 

I. Er ro r Indicators 

The following e r ror indications are printed off-line when an input 
e r ro r or inconsistency is detected. When such an e r ro r is detected, the 
problem and all succeeding change cases are skipped over. The following 
is a list of e r ror printouts and the e r ro r s that cause them. , 

1. ERROR, ADDRESS FORMAT FOR FIXED POINT DATA 

a. Number of data words on card (columns 1-2) is zero, 
negative, or greater than 20. 

b. Fixed-point address (columns 4-7) zero, negative, or 
greater than 250. 

2. ERROR, ADDRESS FORMAT FOR FLOATING POINT DATA 

a. Number of data words on card (columns 1-2) is zero, 
negative, or greater than five. 
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b. Floating-point address (columns 4-7) zero, negative, or 
greater than 17480. 

(For both of the above e r r o r indications, the contents of the 
card that is in e r r o r a re printed on-line and off-line.) 

3. ERROR, NUMBER OF POINTS TOO LARGE 

M A X > 150 

4. ERROR, NUMBER OF POINTS TOO SMALL 

MAX < 3 

5. ERROR, NUMBER OF REGIONS TOO LARGE 

JMAX >40 

6. ERROR, NUMBER OF REGIONS IS ZERO 

JMAX <. 0 

7. ERROR, NUMBER OF GROUPS TOO LARGE 

NGR > 26 

8. ERROR, NUMBER OF GROUPS IS ZERO 

NGR s: 0 

9. ERROR, NUMBER OF DOWN- OR UP-SCATTERS TOO LARGE 

NDS > NGR, NPS > NGR 

NDS > 12, NPS > 1 

10. ERROR, ZERO OR NEGATIVE MATERIAL NUMBER 

MIR (I) <. 0 

11. ERROR, UPPER REGION BOUNDARY POINT NON-INCREASING 
OR 11(1) IS LESS THAN OR EQUAL TO 1. 

a. II(J) s n ( j - 1) 

b. n ( l ) £ 1 

12. ERROR, ZERO DELTA R 

DELR(I) s 0 

13. ERROR, NO NON-ZERO SIGMA TOTAL 

SIGT = 0 for all regions and groups 

14. ERROR, INCONSISTENT ANGULAR INPUT 

a. N > 20 

b. N < 2 

c. N odd 
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/ T _ f N + 2, slab 
d. Hi t -M.j-i+1. J - I N + 1, sphere 

e. Hi = Hj for i / j 

15. MATERIAL NUMBER GREATER THAN 25 

MIR (I) > 25 

16. ERROR, GEOMETRY SPECIFIED INCORRECTLY 

| I G | / 1 or | I G | / 3 

17. CANT FIND SET ID 
The cross-sect ion set name does not correspond to any set name 
on the cross-sect ion tape. 

18. THIS MAT NOT IN CROSS SECTION SET - (material name) 

An input isotope name does not correspond with any on this tape. 

19. GROUP DEPENDENT FISSION SPECTRUM 

20. MIXING VECTOR MUST HAVE AT LEAST TWO ELEMENTS 

NMIX = 1 or NMIX < 0 

21. INCONSISTENT CONCENTRATION VECTOR 

CONC(l) / 0 

CONC (NMIX) = 0 

CONC(I) = CONC(I-H) = 0 

22. MATERIAL NUMBER GREATER THAN 25 IN MIXTURE VECTOR 

MIX (I) > 25 

23. ERROR, NO SOURCE IN INHOMOGENEOUS CASE 

ITOUT = 0, no fixed or boundary sources . 

24. ERROR, ALL FISSION X-SECTS ZERO 

ITOUT > 0, no fission cross sections 

25. ERROR, NO NON-ZERO CHI 

No fission-spectrum input for problem containing fission cross 
section. 

26. SEARCH FAILED, TWO CONSECUTIVE SEARCH GUESSES ARE 
EQUAL, CHECK SECOND GUESS 

27. FOUND WRONG SET 

The code cannot find the desired cross-sec t ion set on the tape. 

28. EOF OR PARITY ERROR ON LIB TAPE 
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V. PROGRAM INFORMATION 

A. General Information and List of Subroutines and Overlays 

TESS is written in FORTRAN and assembled vinder the CDC-3600 
SCOPE 6.2114 monitor system. Because of core storage limitations, the 
code is divided logically into five overlays. (The overlay feature of the 
SCOPE monitor allows segments of programs to be stacked on tape per­
manently and to be called from the tape into core storage when needed. 
Overlays t ransfer data by means of common storage.) The general logical 
purpose of each overlay and the subroutines used in each a re as follows: 

Overlay 1 

Reads, checks, and prints input. Initializes angular and geometric 
data, mixes cross sections, and reads c ross-sec t ion tape. Initializes fission 
source. 

Subroutines 

INPR 

MIXX 

SCHECK 

SEARCH 

Overlay 2 

Pr ints input data. 

Reads c ross-sec t ion tape and mixes cross sections. 

Initializes fission source. 

Changes search parameter . 

Sets up the original matr ix M for each group and writes the L and U 
mat r ices on tape. 

Subroutines 

OPINT 

SETUP 

ALQS 

AQSJL 

Calculate auxiliary coefficients for use in computing the 
elements of the original matr ix M for each group. 

Segment 1 

MTXSET Calculates boundary-condition mat r ix elements and 
boundary sources ; calculates the mat r ix elements of, 
and operates on, the mat r ix M to form mat r ices L and U, 
for slab geometry. 
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Segment 2 

MTXSES Same a s MTXSET, excep t for s p h e r e . 

Segment 3 

REVERSE R e v e r s e s the coeff ic ient m a t r i x for the adjoint c a l c u l a t i o n . 

O v e r l a y 3 

Obta ins angu la r and s c a l a r flux so lu t ion for e a c h g r o u p . Ob ta in s 
e igenva lue and f i s s ion s o u r c e . C h e c k s for f i s s i on d e n s i t y a n d / o r flux a n d / o r 
s e a r c h c o n v e r g e n c e . 

Subrou t ines 

SOURCE Mul t ip l i es s o u r c e v e c t o r by L m a t r i x , and u s e s U m a t r i x 
to b a c k - s o l v e for a n g u l a r f luxes . 

CONV. C a l c u l a t e s f i s s ion s o u r c e and c h e c k s for f i s s i o n - d e n s i t y 
c o n v e r g e n c e . 

E X T R A P F i s s i o n - d e n s i t y e x t r a p o l a t i o n rou t ine 

Ove r l ay 4 

P r i n t s output da ta ; c o m p u t e s and p r i n t s r e a c t i o n r a t e s . 

Ove r l ay 5 

Compu te s i n t e g r a l s of flux and adjoint for p e r t u r b a t i o n a n a l y s i s and 
for c r o s s - s e c t i o n homogen iza t ion ; c o m p u t e s p r o m p t - n e u t r o n l i f e t i m e . 

Subrou t ines 

HOMOG Computes s p a c e - a n d - e n e r g y h o m o g e n i z e d c r o s s s e c t i o n s . 

XLPCH Punches homogen ized c r o s s s e c t i o n s in XLIBIT f o r m a t , if 
d e s i r e d . 

B. Tape A s s i g n m e n t s 

F O R T R A N IV L o g i c a l N u m b e r 

All BCD p r i n t e d O U T P U T 61 

All BIN and BCD Input 60 

Punched c a r d output 62 
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I n t e r m e d i a t e b i n a r y 1, 2, 3, 4, 8 

P r o g r a m ( o v e r l a y ) t a p e 29 

C r o s s - s e c t i o n t a p e 11 

C. I n p u t - d e c k O r d e r 

The d e c k s e t u p i s a s fo l lows ; 

a. J o b c a r d 

b . Accoun t ing c a r d 

c. 7 / 9 EQUIP , 29 = (TESS 71 OVLY, 2), RO, SV 

d.* 7 /9 E Q U I P , 11 = ( c r o s s - s e c t i o n t ape labe l ) , RO, SV 

e. 7 /9 LOADMAIN, 29, 200, 99999, 7 

f. P r o b l e m da t a 

VI. O U T P U T DATA 

The g e n e r a l c o m p l e x i t y of the output for e a c h p r o b l e m is g o v e r n e d 
by the two fixed point input w o r d s NOT and I D P . 

I D P ( F i x e d - p o i n t A d d r e s s 12) g o v e r n s the opt ion of p r i n t i ng the 
input to the p r o b l e m of f - l ine . The input p r i n t c o n s i s t s of the fol lowing da t a : 

1. G e n e r a l f i x e d - p o i n t da t a , s u c h a s n u m b e r of g r o u p s , r e g i o n s , 
p o i n t s , and the v a r i o u s o p t i o n s . 

2. The f l o a t i n g - p o i n t w o r d s E P S l , XIN, T H E T A , F A C , SGES, SEN, 
and RR a s def ined p r e v i o u s l y . 

3. G e n e r a l r e g i o n da ta , c o n s i s t i n g of r e g i o n n u m b e r , m a t e r i a l n u m ­
b e r in e a c h r e g i o n , the m a x i m u m index va lue of a point in the r e g i o n , the 
m e s h - p o i n t s p a c i n g , and the o u t e r ( r i gh t ) va lue of the r a d i u s . 

4 . The Hi v a l u e s for e a c h va lue of j . 

5. The m i x t u r e d a t a inc lud ing m a t e r i a l n u m b e r s and c o n c e n t r a t i o n s 
(if any) . 

•Only needed if cross sections are read from tape. 
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6. The f i x e d - v o l u m e - s o u r c e input (if any) . 

7. The b o u n d a r y - c o n d i t i o n s p e c i f i c a t i o n s for e a c h g r o u p . 

8. The c r o s s - s e c t i o n da ta for e a c h r e g i o n . 

9. The f i s s i o n - s p e c t r u m da t a . 

NOT (F ixed -po in t A d d r e s s 7) g o v e r n s the c o m p l e x i t y of the output 
p r i n t a c c o r d i n g to the following t ab l e . 

Value of NOT 

NOT = 0 

NOT = 1 

NOT 

NOT 

NOT 

1. The final e igenva lue for p r o b l e m type A (or the f inal 
i n t e g r a t e d f i s s ion s o u r c e for p r o b l e m type C). 

2. The r a d i u s , g roup s c a l a r flux, and f i s s i o n - n e u t r o n 
dens i t y at e a c h point , inc luding two v a l u e s for the 
f i s s ion d e n s i t y at e a c h i n t e r f a c e . 

1. Output for NOT = 0. 

2. The n e u t r o n ba l ance by r e g i o n for e a c h g r o u p , the s y s ­
t e m to t a l s u m m e d ove r a l l g r o u p s . The n e u t r o n -
ba l ance da ta inc lude i n t e g r a t e d (with r e s p e c t to the 
s p a t i a l v a r i a b l e ) flux, i n t e g r a t e d f i x e d - v o l u m e s o u r c e , 
i n t e g r a t e d a b s o r p t i o n , i n t e g r a t e d f i s s i o n s , and ne t 
l e akage . 

1. Output for NOT = 0. 

2. Output for NOT = 1. 

3. Aux i l i a ry output by g r o u p and s p a c e point , wi th the 
s c a l a r f luxes , h e m i s p h e r i c a l c u r r e n t s to the left, 
h e m i s p h e r i c a l c u r r e n t s to the r i gh t , and the a n g u l a r 
f luxes l i s t ed oppos i t e e a c h va lue of the s p a t i a l v a r i a b l e . 

1. Output for NOT = 0. 

2. Output for NOT = 1. 

3. Output for NOT = 2. 

4. The spa t i a l l y dependen t f i s s ion d e n s i t y for each i t e r a ­
t ion for p r o b l e m types A and C. 

1. Output for NOT = 0, 

2. Output for NOT = 1 

3. Output for NOT = 2. 
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4. I n t e g r a l s of flux and adjoint for p e r t u r b a t i o n a n a l y s i s , 
a long wi th p r o m p t - n e u t r o n l i f e t i m e (if i n v e r s e v e l o c i ­
t i e s a r e input ) , and h o m o g e n i z e d c r o s s s e c t i o n s , b i ­
l i n e a r l y we igh ted wi thout H - w e i g h t i n g . T h i s we igh t ing 
is c o n s i d e r e d p r e f e r a b l e to NOT = 8 o r 10 if the s y s ­
t e m in which the h o m o g e n i z e d c r o s s s e c t i o n s a r e to be 
u s e d i s s p h e r i c a l * r a t h e r than s l a b ( s e e Sec t . I I H ) . 
H o w e v e r , the h o m o g e n i z a t i o n p r o c e d u r e is only for a 
s l a b g e o m e t r y c e l l c a l c u l a t i o n , so NOT = 5 should not 
be s e l e c t e d u n l e s s IG = 1. 

NOT = 6 S a m e a s NOT = 5, excep t tha t the h o m o g e n i z e d c r o s s s e c ­
t i o n s a r e flux we igh ted only. (No adjoint c a l c u l a t i o n is 
done , r e g a r d l e s s of the va lue of MADJ. ) T h i s i s flux 
we igh t ing wi thout j i -we igh t ing and is c o n s i d e r e d p r e f e r a b l e 
to NOT = 7 o r 9 if the s y s t e m in which the h o m o g e n i z e d 
c r o s s s e c t i o n s a r e to be u s e d is a s p h e r e . * Th i s i s the 
only c r o s s - s e c t i o n h o m o g e n i z a t i o n op t ion tha t u s e s on ly 
the s c a l a r f luxes (and not the a n g u l a r f luxes ) ; it i s a l s o 
the only opt ion tha t t r e a t s c e l l s of s p h e r i c a l g e o m e t r y a s 
we l l a s s l a b g e o m e t r y . 

NOT = 7 S a m e a s NOT = 6, excep t tha t the c r o s s - s e c t i o n h o m o g e n ­
i z a t i o n i s flux weigh t ing wi th H-weight ing ; c o n s i d e r e d p re f ­
e r a b l e to NOT = 6 o r 9 if the s y s t e m in which the 
h o m o g e n i z e d c r o s s s e c t i o n s a r e to be u s e d i s a s l a b . 
Should not be s e l e c t e d u n l e s s IG = 1. 

NOT = 8 S a m e a s NOT = 5, excep t tha t the h o m o g e n i z e d c r o s s s e c ­
t i o n s a r e b i l i n e a r l y we igh ted wi th n - w e i g h t i n g , c o n s i d e r e d 
p r e f e r a b l e to NOT = 5 o r 10 if t he s y s t e m in which the 
c r o s s s e c t i o n s a r e to be u s e d is a s l a b . Se lec t only wi th 
IG = 1. 

NOT = 9 S a m e a s NOT = 6, e x c e p t tha t the h o m o g e n i z e d c r o s s s e c ­
t i o n s a r e flux we igh ted wi th v l - |i we igh t i ng ; c o n s i d e r e d 
p r e f e r a b l e to NOT = 6 o r 7 for s y s t e m s wi th l e a k a g e p r e ­
d o m i n a n t l y p a r a l l e l to t he p l a t e s . S e l e c t only wi th IG = 1. 

NOT = 10 S a m e a s NOT = 5, e x c e p t t ha t the h o m o g e n i z e d c r o s s s e c ­
t i o n s a r e b i l i n e a r l y we igh ted wi th v l - U we igh t ing , c o n ­
s i d e r e d p r e f e r a b l e to NOT = 5 o r 8 for s y s t e m s wi th 
l e a k a g e p r e d o m i n a n t l y p a r a l l e l to the p l a t e s . Se l ec t only 
wi th IG = 1. 

•Includes cylinders with roughly equal height and diameter. 
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NOT = 11-16 Same as NOT - 6, excep t tha t no flux o r adjoint c a l c u l a t i o n 
is done . T h e s e va lue s a r e a s s u m e d to be s t o r e d in m e m ­
o r y f rom an e a r l i e r p r o b l e m . A l s o , the a n g u l a r f lux p r i n t 
i s s u p p r e s s e d . 

If NOT is nega t ive , a d e c i m a l punch-ou t of the c o n v e r g e d f i s s ion d e n ­
s i ty i s obtained to be used in s u b s e q u e n t c a s e s . 

The final i t e m of output in each c a s e i s the c o m p u t e r t i m e r e q u i r e d . 

VII. ESTIMATE OF RUNNING TIME 

The running t i m e for a p a r t i c u l a r p r o b l e m is a l m o s t c o m p l e t e l y 
spent doing two th ings : (1) se t t ing up the m a t r i x , and (2) i t e r a t i n g . E s t i ­
m a t i n g the t i m e involved in e i t he r p h a s e is far f r o m an exac t s c i e n c e . F i g ­
u r e s 6 and 7 a r e intended to s e r v e only as a rough gu ide . Often t he u s e r 
wil l be b e t t e r off running a s a m p l e p r o b l e m and e s t i m a t i n g f r o m tha t , u s ing 
the following a p p r o x i m a t e gu ide l ines : Running t i m e i n c r e a s e s l i n e a r l y with 
the n u m b e r of g r o u p s , l i n e a r l y with the n u m b e r of s p a t i a l p o i n t s , and as the 
s q u a r e of the angu la r o r d e r . Rega rd ing the u s e of F i g . 6, the m i n i m u m n u m ­
b e r of i t e r a t i o n s in TESS is 2. The m a x i m u m n u m b e r for c o n v e r g e n c e is 
s t r ong ly p r o b l e m - d e p e n d e n t , but for c o n v e r g e n c e c r i t e r i o n E P S l equa l to 
10" , the code s e l d o m r e q u i r e s m o r e than 15 i t e r a t i o n s . If one is a l s o 
doing an adjoint ca lcu la t ion as p a r t of the p r o b l e m , the m a t r i x s e t u p t i m e 
for the adjoint wil l be c o n s i d e r a b l y l e s s than for the r e a l flux c a l c u l a t i o n , 
which is a lways done f i r s t . However , if the p r o b l e m is s o l e l y an adjoint 
ca lcu la t ion , the t i m e to set up the m a t r i x i s the s a m e a s for a r e a l flux 
ca lcu la t ion . Of c o u r s e , b e c a u s e the adjoint is u s u a l l y a f l a t t e r funct ion of 
s p a c e , the adjoint ca lcu la t ion r e q u i r e s s o m e w h a t fewer i t e r a t i o n s than the 
c o r r e s p o n d i n g r e a l flux p r o b l e m , a s s u m i n g tha t both a r e in i t i a t ed with a 
flat s o u r c e g u e s s . 
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Floating-point Addresses of Cross-sec t ion Matrices 

1. F i r s t -word Addresse.s 
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Mate r i a l 
Nximber 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

SICT 

50 
76 

102 
128 
154 
180 
206 
232 
258 
284 
310 
336 
362 
388 
414 
440 
466 
492 
518 
544 
570 
596 
622 
648 
674 

SIGS 

700 
726 
752 
778 
804 
830 
856 
882 
908 
934 
960 
986 

1012 
1038 
1064 
1090 
1116 
1142 
1168 
1194 
1220 
1246 
1272 
1298 
1324 

SlGSl 

1350 
1376 
1402 
1428 
14 54 
1480 
1506 
1532 
1558 
1584 
1610 
1636 

1662 
1688 
1714 
1740 
1766 
1792 
1818 
1844 
1870 
1896 
1922 
1948 
1974 

2000 
2026 
2052 
2078 
2104 
2130 
2156 
2182 
2208 
2234 
2260 
2286 
2312 
2338 
2364 
2390 
2416 
2442 
2468 
2494 
2520 
2546 
2 572 
2598 
2624 

CHI 

2650 
2676 
2702 
2728 
2754 
2780 
2806 
2832 
2858 
2884 
2910 
2936 
2962 
2988 
3014 
3040 
3066 
3092 
3118 
3144 
3170 
3196 
3222 
3248 
32 74 

STR 

3300 
3534 
3768 
4002 
4236 
4470 
4704 
4938 
5172 
5406 
5640 
5874 
6108 
6342 
6576 
6810 
7044 
7278 
7512 
7746 
7980 
8214 
8448 
8682 
8916 

STRl 

9150 
9175 
9200 
9225 
92 50 
9275 
9300 
9325 
9350 
9375 
9400 
942 5 
9450 
9475 
9 500 
9525 
9550 
9575 
9600 
9625 
9650 
9675 
9700 
9725 
9750 

VINV 

9775 
9801 
982 7 
9853 
9879 
9905 
9931 
9957 
9983 

10009 
10035 
10061 
10087 
10113 
10139 
10165 
10191 
10217 
10243 
10269 
10295 
J0321 
10347 
10373 
10399 

2- F i r s t -word Addresses of STR Scattering Transfer Matr 

Mate r i a l Down 
Number 1 

1 , 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

3300 
3534 
3768 
4002 
4236 
44 70 
4704 
4938 
5172 
5406 
5640 
5874 
6108 
6342 
6576 
6810 
7040 
72 78 
7512 
7746 
7980 
8214 
8448 
8682 
Q Q I A. 

Down 
2 

3325 
3559 
3793 
4027 
4261 
4495 
4729 
4963 
5197 
5431 
5665 
5899 
6133 
6367 
6601 
6835 
7069 
7303 
7537 
7771 
8005 
8239 
8473 
8707 
Q O ^ I 

Down 
3 

3349 
3583 
3817 
4051 
4285 
4519 
4753 
4987 
5221 
5455 
5689 
5923 
6157 
6391 
662 5 
6859 
7093 
7327 
7561 
7795 
8029 
8263 
8497 
8731 

Down 
4 

3372 
3606 
3840 
4074 
4308 
4542 
4776 
5010 
5244 
54 78 
5712 
5946 
6180 
6414 
6648 
6882 
7116 
73 50 
7584 
7818 
80 52 
8286 
8 520 
8754 
8988 

Down 
5 

3394 
3628 
3862 
4096 
4330 
4564 
4798 
5032 
5266 
5500 
5734 
5968 
6202 
6436 
6670 
6904 
7138 
7372 
7606 
7840 
8074 
8308 
8542 
8776 
9010 

Down 
6 

3415 
3649 
3883 
4117 
4351 
4585 
4819 
5053 
5287 
5521 
5755 
5989 
6223 
6457 
6691 
6925 
7159 
7393 
7627 
7861 
8095 
8329 
8563 
8797 
9031 

Down Down Down Down Down Down 
9 10 11 12 

3435 
3669 
3903 
4137 
4371 
4605 
4839 
5073 
5307 
5541 
5775 
6009 
6243 
6477 
6711 
6945 
7179 
7413 
7647 
7881 
8115 
8349 
8583 
8817 
9051 

3454 
3688 
3922 
4156 
4390 
4624 
4858 
5092 
5326 
5560 
5794 
6028 
6262 
6496 
6730 
6964 
7198 
7432 
7666 
7900 
8134 
8368 
8602 
8836 
9070 

3472 
3706 
3940 
4174 
4408 
4642 
4876 
5110 
5344 
5578 
5812 
6046 
6280 
6514 
6748 
6982 
7216 
74 50 
7684 
7918 
8152 
8386 
8620 
8854 
9088 

3489 
3723 
3957 
4191 
4425 
4659 
4893 
5127 
5361 
5595 
5829 
6063 
6297 
6531 
6765 
6999 
7233 
7467 
7701 
7935 
8169 
8403 
8637 
8871 
9105 

3505 
3739 
3973 
4207 
4441 
4675 
4909 
5143 
5377 
5611 
5845 
6079 
6313 
6547 
6781 
7015 
7249 
7483 
7717 
7951 
8135 
8419 
8653 
8887 
9121 

3520 
3754 
3988 
4222 
44 56 
4690 
4924 
5158 
5392 
5626 
5860 
6094 
6328 
6562 
6796 
7030 
7264 
7498 
7732 
7966 
8200 
8434 
8668 
8902 
9136 
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APPENDIX B 

TRIM Angles for Use in TESS 

Meneghetti^'' has derived optimum angles for thin binary slab cells 
with source and nonsource regions of various thickness. These are tabu­
lated here for use in TESS. 

Following the notation of Meneghetti, A and B are the thicknesses 
of the two cell regions in mean free paths, and 

AB 
A + B' 

Meneghetti recommends ' if the use of TRIM angles is indicated, 
choose from among the listed n-approximations, corresponding to the a 
nearest to A B / ( A + B) , an n-approximation that has a minimum of at least 
one value of iJ, < A B / ( A + B ) . 

Table B.l lists the TRIM angles for various values of a. 

TABLE B. l . Cosines of TRIM Angles 

or n Hi ^X2 M.3 M'4 M'S M'b 1^7 

0, 

0 

0 

0 

,005 

,0075 

.01 

.02 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 

6 
8 
10 
12 

4 

6 
8 
10 
12 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0,0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0261 
0.0098 
0.0057 
0.0039 
0.0030 

0.0317 
0.0125 
0.0074 
0.0052 
0.0040 

0.0364 

0.0149 
0.0090 
0.0064 
0.0050 

0.0505 
0.0224 
0.0141 

0.0103 
0.0081 

1.0 
0.0675 
0.0262 
0.0146 
0.0097 

1.0 
0.0776 
0.0317 

0.0183 
0.0125 

1.0 
0.0856 
0.0364 
0.0215 
0.0149 

1.0 
0.1084 
0.0505 
0.0314 
0.0225 

1.0 
0.1099 
0.0461 
0.0261 

1.0 
0.1226 
0.0542 
0.0317 

1.0 
0.1327 
0.0608 
0.0364 

1.0 
0.1604 
0.0798 
0.0505 

1.0 
0.1489 
0.0675 

1.0 
0.1634 
0.0775 

1.0 
0.1746 
0.0856 

1.0 
0.2050 
0.1084 

1.0 
0.1841 

1.0 
0.1994 

1.0 
0.2114 

1.0 
0.2432 

1 

1 

1 

1 

1.0 
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TABLE B.l (Contd.) 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.10 

(J'l i^z V-i V,4 M.5 V-h 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0,0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0609 

0.0284 

0.0182 

0.0134 

0.0106 

0.0693 

0.0333 

0.0217 

0.0161 

0.0128 

0.0767 

0.0377 

0.0249 

0.0186 

0.0148 

0.0831 

0.0417 

0.0277 

0.0208 

0.0167 

0.0889 

0.0453 

0.0303 

0.0229 

0.0183 

0.0942 

0.0486 

0.0328 

0.0247 

0.0199 

0.0991 

0.0517 

0.0350 

0.0265 

0.0214 

0.1036 

0.0546 

0.0372 

0.0282 

0.0228 

1.0 
0.1244 

0.0608 

0.0389 

0.0283 

1.0 

0.1369 

0.0693 

0.0452 

0.0333 

1.0 
0.1474 

0.0767 

0.0508 

0.0377 

1.0 
0.1566 

0.0831 

0.0557 

0.0417 

1.0 
0.1647 

0.0889 

0.0602 

0.0462 

1.0 
0.1720 

0.0942 

0.0642 

0.0486 

1.0 
0,1787 

0.0990 

0.0680 

0.0517 

1.0 
0.1848 

0.1037 

0.0716 

0.0547 

1.0 
0.1790 

0,0935 

0.0608 

1.0 
0.1936 

0.1043 

0.0693 

1.0 
0.2058 

0.1137 

0.0766 

1.0 
0.2160 

0.1217 

0.0831 

1.0 • 

0.2252 

0.1291 

0.0888 

1.0 
0.2334 

0.1 3 54 

0.0941 

1.0 
0.2408 

0.1413 

0.0990 

1.0 
0.2476 

0.1469 

0.1037 

1.0 
0.2252 

0.1243 

1.0 
0.2407 

0.1369 

1.0 
0.2537 

0.1474 

1.0 
0.2645 

0.1566 

1.0 
0.2744 

0,164 5 

1,0 
0.2827 

0.1719 

1.0 
0.2902 

0.1787 

1.0 
0.2974 

0.1849 

1.0 
0.2644 

1.0 
0.2802 

1.0 
0.2934 

1.0 
0.3047 

1.0 
0.3143 

1.0 
0.3231 

1.0 
0.3310 

1.0 

0.3382 

^1 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 
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T A B L E B . l (Contd.) 

0.15 

0.20 

0.25 

0.30 

0.35 

0.40 

0.45 

0.50 

M-l ^ 2 1̂ 3 M'4 V-S i^b \^1 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 
6 
8 
10 
12 

4 
6 
8 
10 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.1226 
0.0670 
0.0463 
0.0355 
0.0288 

0.1375 

0.0769 
0.0537 
0.0414 
0.0337 

0.1498 
0.0853 
0.0599 
0.0463 
0.0378 

0.1603 
0.0924 
0.0654 
0.0507 
0.0414 

0.1696 
0.0988 
0.0701 
0.0544 
0.0446 

0.1776 
0.1043 
0.0743 
0.0578 
0.0474 

0.1849 
0.1094 
0.0781 
0.0609 
0.0499 

0.1915 
0.1139 
0.0815 
0.0637 

1.0 
0.2099 
0.1226 
0.0866 
0.0670 

1.0 
0.2292 
0.1374 
0.0986 
0.0769 

1.0 
0.2450 
0.1497 
0.1084 
0.0853 

1.0 
0.2583 
0.1604 
0.1170 
0.0924 

1.0 
0.2698 
0.1696 
0.1245 
0.0988 

1.0 

0.2799 
0.1776 
0.1312 
0.1043 

1.0 
0.2890 

0.1849 
0.1372 
0.1093 

1.0 
0.2970 
0.1915 
0.1426 

1.0 
0.2752 
0.1697 
0.1225 

1.0 
0.2961 
0,1875 
0,13 74 

1,0 
0.3129 
0.2018 
0.1498 

1.0 
0.3272 
0.2142 
0.1603 

1-0 
0.3394 
0.2248 
0.1696 

1.0 
0.3498 
0.2343 
0.1776 

1.0 
0.3593 
0.2427 
0.1849 

•1,0 
0,3679 
0,2503 

1,0 
0.3259 
0.2099 

1.0 
0.3475 
0.2292 

] .0 
0.3644 
0.2450 

1.0 
0,3789 
0,2583 

1,0 
0.3911 
0.2698 

1.0 
0.4019 
0.2799 

1.0 
0.4116 
0.2889 

1.0 
0.4202 

1.0 
0.3669 

1.0 
0.3881 

1.0 
0.4055 

1.0 
0.4197 

1.0 
0.4319 

1.0 
0.4426 

1.0 
0.4521 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

12 0.0 0.0522 0.1139 0 .1915 0.2970 0.4607 1.0 
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A P P E N D I X C 

Choice of Ang le s for Use in TESS 

1. D i s c u s s i o n 

The cho ice of o p t i m u m a n g l e s (and t h e i r c o r r e s p o n d i n g w e i g h t s , if 
a q u a d r a t u r e s c h e m e is u s e d ) for a t r a n s p o r t code d e p e n d s , of c o u r s e , on 
the p r o b l e m to be s o l v e d . Th i s shou ld be kept in m i n d when eva lua t ing the 
con ten t of th i s append ix . The c a l c u l a t i o n a l m o d e l u s e d h e r e for c o m p a r i ­
son of c o n v e r g e n c e ob ta ined wi th d i f fe ren t c h o i c e s of a n g l e s is one of the 
m o d e l s p r e s e n t e d in Ref. 8. B r i e f l y , i t i s a b i n a r y - c e l l , o n e - e n e r g y - g r o u p 
p r o b l e m wi th a un i t s o u r c e (but no f i s s ion ) in one r e g i o n , w h i c h is A m e a n 
f r ee pa ths th ick , and no s o u r c e in the s e c o n d r e g i o n , wh ich is B m e a n f ree 

pa ths th ick . The c a l c u l a t i o n d e s c r i b e s 
half of e a c h r e g i o n wi th a r e f l e c t i v e 
b o u n d a r y condi t ion at bo th b o u n d a r i e s . 
(See F i g . C l . ) 

CONSTANT-SOURCE REGION NONSOURCE REGION 

I 
•- a i 2 c m - l 

I 
: 0 20 c m " ' 

J.2 

^12 

I 
• 0 0 2 8 c m ' 

I 
: 0 07 cm'' 

S|2 

i l l 2,2 

Fig. C l . Calculational Model 

T h r e e m e t h o d s of choos ing 
a n g l e s w e r e u s e d for th i s c o m p a r i s o n 
s tudy . The Meneghe t t i TRIM a n g l e s 
of Appendix B w e r e one c h o i c e . They 
a r e d e r i v e d to be o p t i m u m an g l e s for 
thin b i n a r y s l ab c e l l s . It is we l l 
known tha t in s l ab g e o m e t r y the angu­
l a r flux a t an i n t e r f a c e can have a 
v e r y l a r g e g r a d i e n t a s the ang le 

a p p r o a c h e s n / 2 . Thus , the TRIM a n g l e s betw«een 0 and 90° a r e c o n c e n t r a t e d 
n e a r 90°. H o w e v e r , even for f a i r l y thin b i n a r y s l ab c e l l s , the flux a t the 
c e n t e r of a r e g i o n t ends to be m u c h l e s s a n i s o t r o p i c than a t the i n t e r f a c e . 
This s u g g e s t s t ha t s o m e s o r t of c o m p r o m i s e should be m a d e wi th the a n g l e s 
a b i t m o r e even ly s p a c e d (in t e r m s of cos 6). To th is end, the following two 
m e t h o d s w e r e d e v i s e d (n is the o r d e r of the Sj^ c a l c u l a t i o n and |ij = cos 9 ) : 

Me thod I 

'n/2 
Hi = 0.0; Hi+i = I V X j . 

k=i / j=l 
( C l ) 

Method U 

i / n / 2 
Hi = 0,0; Hi+i = X ^^-y i a J - ' . 

k=i / j = i 
(C.2) 
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Method II r e s u l t s in a f iner |j, s pac ing c lo se to H = 0 c o m p a r e d to 
Method I, yet g ives m u c h m o r e evenly s p a c e d va lue s of \i than TRIM. 
Tab les C l and C.2 show the pos i t ive va lue s of H ob ta ined by t h e s e 
m e t h o d s . 

TABLE C l . Cosines Obtained by Method I (see text) 

n 

2 
4 
6 
8 
10 
12 
14 
16 
18 
20 

îl 

0.0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 

Hz 

1.0 
0.3333 
0.1667 
0,1 
0.0667 
0.0476 
0,0357 
0,0278 
0,0222 
0,0182 

1̂3 

1,0 
0.5 
0.3 
0.2 
0.1429 
0.1071 
0.0833 
0.0667 
0.0545 

V-t 

1.0 
0.6 
0,4 
0,2857 
0,2143 
0,1667 
0,1333 
0,1091 

^•5 

1,0 
0,6667 
0,4762 
0,3571 
0,2778 
0,2222 
0,1818 

ii-t 

1,0 
0,7143 
0,5357 
0,4167 
0,3333 
0,2727 

1̂ 7 

1,0 
0,7500 
0,5833 
0,4667 
0,3818 

M'S 

1,0 
O.mi 
0,6222 
0,5091 

M.9 

1,0 
0.8000 
0.6545 

(iio 

1.0 
0,8182 

(̂11 

1,0 

TABLE C,2, Cosines Obtained by Method II (see text) 

n 

2 
4 
6 
8 
10 
12 
14 
16 
18 
20 

^1 

0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
0,0 
0,0 
0,0 
0,0 

V'l 

1,0 
0,3333 
0,1429 
0,0667 
0,0323 
0,0159 
0,0079 
0,0039 
0,0020 
0,0010 

•̂3 

1,0 
0,4286 
0,2000 
0,0967 
0,0476 
0,0236 
0,0118 
0,0059 
0,0029 

1̂ 4 

1.0 
0,4667 
0,2258 
0,1111 
0,0551 
0,0275 
0,0137 
0,0068 

t̂s 

1,0 
0,4839 
0,2381 
0,1181 
0,0588 
0.0294 
0.0147 

tie 

1,0 
0,4921 
0,2441 
0,1216 
0,0607 
0,0303 

y-t 

1,0 
0,4961 
0,2471 
0,1233 
0,0616 

v-a 

1,0 
0,4980 
0,2485 
0,1241 

V'l) 

1,0 
0,4990 
0,2493 

1̂ 10 

1,0 
0,5 

lill 

1.0 

One o ther combina t ion of ang le s was f o r m e d for an S-10 c a l c u l a t i o n 
by us ing the ang le s obtained by Method II for S-8 and adding one cos ine a 
fac tor of 10 s m a l l e r than the s m a l l e s t n o n z e r o va lue in the S-8 s e t . T h e s e 
a r e shown in Table C .3 . 

TABLE C,3. Combination Cosines 

0.0067 0,0667 0,2 1,0 

2. R e s u l t s 

Even though the se c a s e s have no f i s s ion , the r e s u l t s a r e i nd i ca t i ve 
of the so lu t ions tha t would be obta ined in r e a l i s t i c s l a b - g e o m e t r y m u l t i -
g roup cel l ca lcu la t ions wi th f i s s ion in one r e g i o n . The c o m p a r i s o n 
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p a r a m e t e r u s e d is the r a t i o of a v e r a g e flux in the s o u r c e r e g i o n to the 
a v e r a g e flux in the n o n s o u r c e r e g i o n . P r e s u m a b l y , if th is r a t i o is c o r r e c t , 
t ha t i s , if i n c r e a s i n g the n u m b e r of a n g l e s (or s p a c e po in t s ) does not change 
the r a t i o , t h e n o t h e r q u a n t i t i e s s u c h a s e i g e n v a l u e and r e a c t i o n r a t e s a r e 
c o r r e c t . The r a t i o of cp̂  '^°'Pns "̂ ^ p lo t ted for e a c h c a s e c o n s i d e r e d , a s a 
funct ion of the n u m b e r of a n g u l a r i n t e r v a l s in n - s p a c e , in F i g . C.2 . 

F o r A « B ( F i g s . C .2A-C) and A » B ( F i g s . C .2G-I ) , the 
Method II a n g l e s give the " c o r r e c t " so lu t ion wi th f ewes t a n g l e s , even for 
the t h i n n e s t c a s e , w h e r e A B / ( A + B ) = 0 .015 . A l so , for A < B, Method II 
ang l e s a p p e a r to give a m o r e n e a r l y c o r r e c t so lu t ion s o o n e r than Method I. 
In m o s t of the c a s e s , the TRIM ang l e s a r e b e t t e r for s m a l l v a l u e s of 
n (4 and 6), bu t they do not c o n v e r g e a s r a p i d l y . This i n d i c a t e s tha t it i s 
i m p o r t a n t , e v e n for v e r y th in c e l l s , to have s o m e f a i r l y l a r g e v a l u e s of M,. 

F o r A < B , the c o m b i n a t i o n S-10 ang l e s a p p e a r to be no b e t t e r than 
the Method II a n g l e s , and for the o the r c a s e s they s e e m to be a poor c h o i c e . 

A. A = 0.064, B = 0.8192 B. A = 0.032, B = 0.4096 

Fig. C.2. Degree of Convergence vs Angular Order for Various Choices of Source and 
Nonsource Region Thicknesses (A and B, respectively). In units of mean free 
path; <> TRIM angles; • Method I; A Method U; O combination. 
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C. A = 0.016, B = 0.2048 D. A = 0.256, B = 0.6272 

2 ^ 6 8 10 IZ 14 16 16 2 0 ZZ Z4 Z6 28 

ORDER OF S-N 

E. A = 0.128, B = 0.3136 • p. A = 0.064. B = 0.1568 

Fig. C.2 (Contd.) 



61 

- J 1 1 1 l _ _ 
6 S "0 12 14 « IS M ;z 24 M 2S 

OROCR OF S-N 

G. A = 0.8192, B ^ 0.064 H. A = 0.4096. B = 0.032 

0 2 * 6 0 10 la t4 16 18 20 22 24 Z6 2 I 

0«0E« OF S-N 

I. A = 0.-2048, B = 0.016 

Fig. C.2 (Contd.) 
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A P P E N D I X D 

A n g u l a r C o n v e r g e n c e : T E S S v e r s u s S N A R G 

T h e f o l l o w i n g c o m p a r i s o n s t u d y b e t w e e n T E S S a n d a n o t h e r o n e -

d i m e n s i o n a l t r a n s p o r t - t h e o r y c o d e w a s m a d e t o i l l u s t r a t e t h e v a l u e of t h e 

d o u b l e Sjj m e t h o d i n o b t a i n i n g c o n v e r g e n c e o n kgff w i t h t h e f e w e s t a n g u l a r 

i n t e r v a l s . T h e o t h e r c o d e c h o s e n f o r c o m p a r i s o n w a s S N A R G , ' ° w h i c h i s 

a l s o t h e o n e - d i m e n s i o n a l t r a n s p o r t m o d u l e i n t h e A r g o n n e R e a c t o r C o d e 

( A R C ) s y s t e m . " S N A R G u s e s a q u a d r a t u r e s c h e m e t o i n t e g r a t e o v e r t h e 

a n g u l a r v a r i a b l e a n d n e e d s w e i g h t s a s w e l l a s a n g l e s . 

T h e p r o b l e m c o n s i d e r e d w a s 

a s l a b - g e o m e t r y s y s t e m w i t h a u n i t 

c e l l e x p r e s s a b l e w i t h m i r r o r b o u n d ­

a r y c o n d i t i o n s a s s h o \ v n i n F i g . D . l . 

Fig. D.l. Unit CeU with Mirror Boundary Conditions T h e f u e l p l a t e w a s a m i x t u r e 

of ^ ^ ' P u a t 0 . 0 1 0 2 6 8 5 a t o m / b - c m a n d 

" ^ U a t 0 . 0 3 7 7 3 15 a t o m / b - c m . T h e s o d i u m a t o m d e n s i t y w a s 0 . 0 2 2 a t o m / 

b - c m a n d t h e c a r b o n d e n s i t y w a s 0 . 0 7 2 a t o m / b - c m . T h e c o r e w a s 3 8 . 5 c m 

t h i c k ( w i t h a f u e l p l a t e a t t h e c e n t e r ) a n d h a d a 2 0 - c m - t h i c k ^^'U b l a n k e t 

( 0 . 0 4 8 a t o m / b - c m ) a t e a c h e n d . 

T h e c r o s s - s e c t i o n s e t f o r t h e s y s t e m h a d 12 g r o u p s , a n d b o t h c o d e s 

w e r e g i v e n t h e s a m e s p a t i a l m e s h , w i t h 150 p o i n t s t o t a l . T h e T E S S a n g l e s 

w e r e a r b i t r a r i l y c h o s e n t o b e t h e 

a n g l e s g e n e r a t e d b y M e t h o d 1 of A p -

p e n d i x C . C o n s i d e r a b l e e x p e r i m e n ­

t a t i o n w a s d o n e w i t h S N A R G t o f i n d 

a s e t of a n g l e s a n d w e i g h t s t h a t w o u l d 

g i v e r e a s o n a b l y q u i c k c o n v e r g e n c e . 

B o t h s i n g l e G a u s s q u a d r a t u r e a n d 

m o d i f i e d s i n g l e G a u s s q u a d r a t u r e 

w e r e r e j e c t e d b e f o r e d o u b l e G a u s s 

q u a d r a t u r e w a s c h o s e n . 

.oosa 

OOIT 

OOM 

TESs\ 

A ^ M"*"S (• 

SNUG (• 

io-«i 

^*) 

• 

—* 

' 

T h e r e s u l t s a r e s h o w n i n 

F i g . D . 2 . P o i n t w i s e c o n v e r g e n c e on 

t h e f i s s i o n s o u r c e w a s c h o s e n w i t h 

Fig. D.2, TESS and SNARG Convergence, 
as a Function of Angular Order 

a c o n v e r g e n c e c r i t e r i o n of IO" ' ' , f o r T E S S . T h e c o n v e r g e n c e in S N A R G i s 

on t h e e i g e n v a l u e , s o i t i s n o t s u r p r i s i n g t h a t a t i g h t e r c o n v e r g e n c e c r i t e ­

r i o n of 1 0 " w a s r e q u i r e d t o c o n v e r g e t o t h e c o r r e c t k - e f f e c t i v e . T h e r e ­

s u l t s s h o w t h a t T E S S w a s c o n v e r g e d a t S - 1 4 w h i l e S N A R G r e q u i r e d S - 2 0 . 
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A P P E N D I X E 

Listing of T E S S 

PROQRAH TESS 69A 

REVISED EDITION 

COMMON/«1/LL (25 OJ.CUMK 25912) 
COMMON/Aj/COMj{JO 797) 
eANK(0)i/«2/ 
BANK(1),TESS 69A,/A1/ 
DO g I"l,250 

8 LLU '"0 
DO 9 1=1,25912 

9 COMi(I).0.0 
2 IF(LL(22))3,'>.4 
3 LL(22)«.LLt22) 

PRINT 500 
PRINT 501. (COMKI ),I.25873,?5e8<) 
QO TO 5 

* CALL OVEf!LAr(l,0,29) 
LL(16)°0 
IF(LL<7).GTilO) Go TO 10 

5 CALL OVERLAY(2,0,29) 
6 CALL 0VERL»r(3,0.291 

IF(LLa97) (4,4,7 
7 CALL OVERL*Y(4,0,29) 

IF(LL(l97)12,2,10 
10 CALL OVERLAr(5,0.29) 

00 TO 2 
500 rORMAT(»l ADJOINT CALCULATION. CORRESPONDING Tn PRECEEDING FLUX CA 

ILC.) 
501 F O R M A T ( 1 M 0 . 1 2 A 6 / / / / ) 

END TESS 69A 
>*«.***...*............OVERLAY I.*...*..****.*..*.*...**.•*•.*.**«*..... 

PROGRAM LINKl , 
C O M M O N / A 1 / L L < 2 5 0 ) , E < 1 7 4 3 5 ) , C C ( » ) ' . N N ( 2 1 ) . V R , L C . N A . N O F . L F . N A F . 1 . J . 

IK.L.M, Jl, J2, J3, J4,J9,M1,M2,M3,M4',M5,M6,H7,SOME.SUM,AJ,SI,S2,^0L, 
2LG0,NCE,AN,IT,XPT(iSM).IDlM,IuDtM,lLDIM,SPI,ElGMi,EIQEN.E!Ge»l,EIQ 
3EN2,NEXT.K3,MM5.III.MM4.Kl,K2.NCTR»POwR2(189),pOMR3(ie9),SCt!50.26 
*).XK(3),VX(3),TIMEB6G.OUTCON,SEARC0N,ElGM3,ScFLUX(150,2s), IJNl, 
5 E M I , M A T N O ( 2 0 ) . I S E T , P R O B T ( 1 2 ) , I S A V E . E L O W E R ( 2 7 ) 
DIMENSION II (40 ).MI«(4O),DELR (4(1 ).P0WHl(189l,EMU(22). ALPHA (2'.26). 

1DELTA<22,26),SVM(189,26)', SIGT(26,25),sIGS(26.25),SIGSl(2S.25t,VUSI 
2Q(26.25).CHI(26,25).STR(234.25).STRi(25.25).VlNV(2«,29),LHGP>26), 
3 L H R E G ( 6 ) . C O N C ( 4 0 I . M I X ( 4 0 I . M T I X ( 2 6 ' < N T M I X ( 2 0 ) . G A M M A ( 1 0 . 2 . 2 « ) . » U C K ( 
42»,25),BETA(2,26),LHATE(25) 
EQUIVALENCE(LL(1),MAX),(LL(2).JMAX),(LL(5),NaR),(LL(4),N),(LL(5>. 

1N D S ) . ( L L ' 6 ' « N P S ) ' ( L L ( 7 ) . N Q T ) . ( L L I S > < I T 0 U T ) . < L L ( 9 ) . L C O ' > ( L L ( 1 I ) ' > M I K 
2).(LL<11),LPG).(LL(12),IDP),(I L(l3).MuTEST),(LL(14),JsPl.(LLI15),N 
3MIX),(LL(16),MMIX),(LL(17),KRFG).(LL(I8).NS0S).(LL(I9),NF0S).( LLI 
420>.KIT1).'LLl21),iauK).(LLl22'.M»Dj),(LL(23).MFR).(LL'?*'-tCl'<LL 
5(25),|EX0P).(LL(26),II),(LL(«6).MIR),(LL(10 6,,MIX),(LL(1*6),"TIX), 
»<l.L(l 66), NTMIX), (LL(l86),NHGP), ( LL (1*7 ), >*HREO) . ( LLC i8«) . LHRE" ), 

7(LLtl98).LMGPl'(LL(22* '-LFREG)•(LL<225'<NRATF>•'LL'226'-LRATE) 
EOUIVALENCE(LL(220),NFPEQ),(E(1),EPSl),(E(2).EPS2).(E(3,,EPS-),(E( 

14),FAC), (E (5). THETA ), (E(»). SEN), (E(7), SGES), ( E ( 8 ) , R R ) . (F(9 ).>!•*).( 
2E<10)>DELR)I(E(50),SIQT).(E(760)'.<;IGS)»(E(135 0).SIQS1>''E(20CO)IVU 
3sIG),(E(2650),CHI),(E(3300).STR),(E(9150),sTpl).(E(9775,, vINV), ( E( 
410425),ALPWA),(E(10477).BETA).(E(l0529),3AMM4).(E(ii049l.DEL»A),(E 
5(11621 ),EMU>.(E(11643),CONC).(E(11*83),P3HRI),(E(1187?),BuCK••(E( 
612522),SVM) 
DIMENSION ALL(70J) 

CaMMON/8<'!Lt«700S,IHECNO(20).NIG(20)iNEG<20> 
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fi^fiSR^Ift^ IUHiU6.25).SIOFIV(6JO'.SIGCAP(26.25),SIOC*V(6S0» 
EQUIVALENCE (EE d >-3 I GF IV'SI OFI S > •'EE ( 651) • S I GCAVSI ac*P > 
BANK(0),/2/,/A2/,INPR,MlxX 
EQUIVALENCE (ILL(i),AUL(i)) 

C THIS IS THE MAIN INPUT CHAIN 
IF(LOO)2000,l,2 

2000 CALL SEARCH 
IF(JSP-l)e3,83,65 

1 FAC = 1,0 
L G O C = 0 . • 

C SET BOUNDA"'' CONDITIONS To REFLECTIVE < L E F T ) AND NO R E E N T R A N » 
0 CURRENT (RIGHT), IF OTHER CONDITIONS ARE DESIRED R E A D IN ALP^*S 

DO 966» 1J'<«1,26 
ALPHA(1.IJK)=1.0 

9669 ALPHA(2,IJK)=l.O 
LFREOti 
N"4 
SENtl. 
EPS3=,003 
ITOUT«50 
MUTEST=1 

2 IF(LOD.GT,0) LGOC > 1 
IF(EOF>60) 80,4004 

4004 L G O • 1 
REWIND 1 
S E A R C O N ' O , 
NCEaO 
IT = o 
READ 5 2 7 < ( P R 0 B T ( J ) , J « 1 . 1 2 > , K T E S T 

527 F 0 R M A T ( 1 2 A 6 , 1 2 ) 

I F ( E O F , 6 0 ) 60,4005 
4005 I F ( K T E S T - 9 9 ) 5 1 4 2 . 5 1 4 3 . 5 1 4 2 
5143 DO 5144 UK.1,223 
5144 LL(IJK).o 

DO 5145 IJK'l,17480 
5145 E(IJK),0,0 

L F R E G . 1 
N»4 
MiKiO 
ITOUTsSo 
M U T E S T ' 1 

EPS3..003 
SEN.l, 
FAC'li 
DO 9559 IJK.1,26 
ALPHA(i,IJK)=i. 

9559 ALPHA(2,IJK)=1.0 
5142 PRINT 533,(PR0BT(J),J»1,12),KTEST 

IFLAGaXABsF<IG) 
ISAvEeO 
IF(KTEST'E(3.88) IsA^E ' 1 
PRINT 521 
T I M E B E G . T I M E L E F T ( T I M E 8 E G ) 

14 R 6 A D 5 0 I , N R , L C , N A , (NNCD.Isi,,,,) 
I F ( N R ' 1 0 0 < 1 ' J 0 , 1 5 

15 IF(NR.20)22,22,100 
22 I F ( N A ) I O O > 1 J O > 1 6 
16 IF(NA'250)23.23,100 
23 DO 17 1,1,NR • 

J.I.NA-i 
17 LL(J'»NN(I) 



' ! ? ? L 8 : I ^ ' J 5 ? 2 S S 1 2 J 2 " * ^ * 
202 I G O M « X A B S F ( I G ) 

IF(IFLAQ.EO.IGOM) GO TO 18 
IF(IGOM NE.3) GO TO 18 
DO 203 IJK'1,26 
ALPHA(l,IjK)=l.o 

203 ALPHA(2,IJK)iO.O 
18 IFcLPG-i) 700,700,701 

700 DO 7 0 2 K » 1 < 1 8 9 

702 POWRI(K) , 0.0 
7oi READ 502-'>'O^.I-F,NAF,(CC(!),I.,,,, 

I F ( N O F ) 101,101,19 

19 IF(NOF.5)24^24,101 
24 IF(NAF) 101,101.20 
20 IF(NAF-17480)25,25,li.l 
25 DO 21 I.l.NOF 

J.I.NAF.i 
21 E(J)»CC(I) 

IF(LF.1)701,26,26 
26 IF(MMIX) 200.201.200 

200 READ 525.ISET,(MATNO(I),I«l,MMIx» 
1001 IFL.O 

IF(NRATE)1002.201,1U 7 
1002 NRATE«-NRATE 

IFL.l 
1007 READ 526,(LRATE(I),I,l.NRATE) 
526 F0RMAT(12A6) 

IF ( IFL .EQ.O) GO TO Z 1 
1004 READ 5 0 2 . N 0 F , L F , N A F , ( C C ( I ) . 1 . 1 . 5 ) 

IF(NOF)101,101,1005 
1005 I F ( N O F - 5 ) 1 0 0 6 , 1 0 o 6 , l u l 
1006 I f ( N * F ) i o i , l c i , l j l 7 
1017 IF(NAF-1300)1018.1018.101 
1018 DO 1019 I . l .NOF 

J . I . N A F . i 
1019 EE(J>«CC(I ) 

I F ( L F . 1 ) 1 0 0 4 , 2 0 1 , 2 0 1 % 
201 OUTCON.NOT 

MOT.XjigSFdvoT) 
IF((IG.EO,l).OR,(IG,EQ.-l))PRrNT 529 
IF((IG.E0.3).0R.(IG.EQ.-j))PRINT 5J0 

IF((IG.NE,l).AND-(ia.NE.3>.AND.(tG.NE..l).AND.(IQ.NE.-3)>NCE«l 
I F ( N C E . E Q , 1 ) PRINT 531 
IF(MA0J,E4.2) M A D J . - M A D J 

IF(NOT.EQi6.0R.NOT.fco.7.0R.NOT.EB-9> MADJ'O 
IF(NOT.EO,5,OR.NOT.EO.a.OR.NOT.E(3.10) MAD J.-2 
IF(MADJ,E0,.2)PRlNT 522 
IF(MADJ.EO.-1,OR.MAUJ.EQ.O)PRINT 523 
IF(MADJ,GT.O)PRINT 524 
IF(NOT.LE,10) Go TO 104 
PRINT 532 
GO TO 83 

10* IF(MAx-l50)28,28,27 
27 PRINT 505 

NCE'l 
QO TO 30 

28 IF{MAx-2) 29,29,30 
LESS THAN 3 POINTS - ERROR 

29 PRINT 506 
NCE.l 

30 IF(JMAX.4o) 32,32,31 
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31 

32 

33 

34 
35 

36 
C 

37 

38 
3000 
3001 
3002 

39 

MORE THAN 
" IT 507 

40 REGIONS . ERROR 
PRINT 
NCE.l 
QO TO 3* 
IF(JMAX) 33,33.34 
NO REGIONS - ERROR 
PRINT 5o8 
NCE.l 
IF(NGR.26) 36,36,35 
PRINT 509 
NCE'l 
QO TO 38 
I F ( N G R ) 37,37 38 
AT LEAST ONE GROUP 
PRINT 510 
NCE.l 
IF(NDS-12)3o00.3)00.39 
IF(NDS-NDR)3001,39,J9 
IF(NPS-1)3002,30J2,J9 
IF(NPS.NGR)43,39.39 
PRINT 511 
NCE.l 

*0 DO 42 I.1,JMAX 

IF(MIR(I)) 41.41,42 
EVERY REGION MUST HAvE A MATERIAL SPECIFIED 

41 PRINT 512 
NCE.l 
GO TO 43 

42 CONTINUE 
43 DO 300 I.l,JMAX 

IF(MIR(I).25)300.30U,3ot 
301 PRINT 520 

NCE.l 
00 TO 3o2 

300 CONTINUE 
302 IF(II(l).l) 44,44,95 
95 IF(JMAX.i) 44,46.600 

600 IF(MAX-NE.II(JMAX)) QO TO 44 
M7.JMAX.1 
DO 45 1.1,M7 
REGION UPPER POINT NUMBERS MUST gE M O N O T O N j C A L L ^ I N C R E A S I N O 
IF(II( U1).II( 1)) 44,44,45 

45 CONTINUE 
GO TO 46 

44 PRINT 513 
NCE.l 

46 DO 48 I.1,JMAX 
1 F ( D E L R ( I ) ) 47,47,48 
REGION DELTA R,s MUST BE POSITivE 

47 PRINT 514 
NCE>1 
GO TO 49 

48 CONTINUE 
IF(NCE) 83,83,49 

83 CALL MIXX 
IF(NOT.GT,10) GO TO 69 

49 DO 50 J.1,JMAX 
K.MIR(J) 
DO 50 1.1,NGR 
CHECK TO DETERMINE IF EVERYTHING IS VOlD 
IF (SIQT(I,K)) 52,50,5? 

50 CONTINUE 



51 PRINT 515 
NCE>1 

52 IF(LL(250,.NE,0, GO TO 99 
IF(IBuK)88,99,88 

88 IfdBuK.5)1023.1024.1024 
1024 DO 1025 I.l,NGR 

SUM1.SUM2.0, 
DO 720 J'l,JMAX 
IF(J.EO.I) DEL'<»<II<1>-1)*DELI'(J) 
IF(J.QT,1) DELX.(II(J).II(J.1,).0EI.R(J) 
SUMi.SUMl.SIGT(I,MIR(J)),DELX 

720 S^M2'SUM2*DELX 
SIT0T8.SUM1/SUM2 

1025 BUCK(I.26,l)=SIT0T8/(SlT0Ta*BuCK(I,l)) 
QO TO 99 

1023 DO 1020 J.1,25 
DO 1021 K«l,JMAx 

,,, IF(MIR(K>.J)1021.1022.1021 
1021 CONTINUE 

QO TO 1020 
1022 DO 89 1.1,NQR 

IF(SIQT(I,J))io32.8''.ln32 
1032 lF(ISuK«2)20T8.1010,1011 
2008 SIGT(I,J).SIGT(I,J).8UCK(l,l)/(3.0.SIGT(I.j), 

QO T089 
^"^^ §|l'5T(Ij^).SIGT(I,J).pUCK(J,l)/(3.0.SIGT(I,J)) 

1011 IFflBuK.4)1014,1015,1015 
1014 SIOT(I,J).SIGT(I,J).SUCK(I,i)/(3,o«SIGT(I,J)) 

GO TO 89 
1015 SIGT(I,J).SIGT(I,J)*BUCK«I,JI/(3.0.SIGT(I,J)) 
89 CONTINUE 

1020 CONTINUE 
99 AN.N 

J1.N.2 
j2"Jl/2 
IF((IG.E0,3).0R,(IG.EQ.-3))Jl.N.l 
EMU(l)..l, 
EMU(J2).o, 
EMU( J2.1).0,'; 
EMU(Jl).l, 
J3.J2.1 
IF(N-20)400,55.63 

400 IF(N-18)401,55,63 
401 IF(N-16)402.55.63 
402 IF(N-14)403,55,63 
403 If(N.12)404,55,63 
404 1F(N-I0)405,5b,63 
405 IF(N-8)406,55,63 
406 lF(N-6)407,55,63 
407 IF(N-4)408i55.63 
*08 IF(N-2)63,76,63 
55 IF(MUTEST.2)56,58,6U 

56 AJ=2,/AN 
DO 57 J.2,J3 
EQUAL INTERVALS IN COSINE THETA 
Ml.Jl.J.l 
EMU(J)=fcMU(J-l).AJ 

57 EMU(M1)..EMU(J) 
GO TO 76 

58 DO 59 J.2,J3 
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59 

60 

61 

91 
62 

63 

76 
65 

66 
67 

1030 
1028 
1029 

1027 

68 
69 

5068 
70 

703 

EQUAL INTERVALS IN T H E T A 
Ml.Jl.J.l 
AJ.J-l 
AJ'AJ/AN 
EMU(J)=.C0SF(3.14159269,AJ) 
EMU(Mi).-EMU(J) 
QO To 76 
INTERVALS READ IN 
DO 61 J=2,J3 
Ml=Jl'J.l 
ir(EMU(j).EMU(Ml') 63.61.63 
CHECK FOR CONSISTENCY IF ANGULAR DATA Is INPIJT 
CONTINUE 
DO 62 J.2,J3 
IF(EMU(J).EMU(1)) 6,3,6j,9i 
I F ( E M U ( J ) ) 62,63.63 
CONTINUE 
QO TO 76 
PRINT 516 
NCE.l 
NCE.l 
I F ( N C E ) 65,65,80 
X P T ( 1 ) = X 1 N 

J'l 
00 67 1.2,MAX 
I F ( I - I I ( J ) ) 67.67,66 
J'J.l 
X P T ( 1 ) = X P T ( 1 - 1 ) * D E L R ( J ) 
CALL SCHECK 
IF(NRATE)1027,1027,1 3o 
IF(LGOC)1027.1028,1027 
IF(UNIT.1)1028,1029 
BUFFER OUT (1,1)(EE(1),EE(650, ) 
BUFFER OUT (1.1) (EE («5l ). EE (i-̂ of)) > 
Sl = IQ IF(NCE) 68,68,80 
iFdDP-i) 69,70,70 
IF(LGO)70,5068,5068 
CALL INPR 
IF(LL(250),NE.O) GO TO 703 
RETURN 
PRINT 528 
MMIx.O 
QO TO 2 

80 CALL EXIT 
100 PRINT 503 

PRINT 501,MR,LC,NA,(NN(1).I.1,21) 
CALL EXIT 

101 PRINT 504 
PRINT 5 0 2,NOF,LF,NAF,(CC(I),1,1,6) 
CALL EXIT 

500 FORMAT(70H 
1 .12) 

501 F O R M A T ( 1 2 , 1 4 , 1 6 , 2 0 I J ) 
502 F0RMAT(I2,I4,I6,5E12.6, 
503 FORMAT (44^ ERROR,ADDRESS FORMAT FOR FiXED PoINT DATA < 
504 FORMAT (48H ERROR.ADDRESS FORMAT FOR FLOATING POINT D A T A 
505 FORMAT (34H ERROR,NUMBER OF POINTS TOO LARGE ) 
506 FORMAT (34H ERROR,NUMBER OF PnlNTS TOO SMALL ) 
507 FORMAT (35H ERROR.NUMBER OF REGIONS TOO LARGp ) 
508 FORMAT (35H ERROR,NUMBER OF R F Q I O N S IS ZERO ) 
509 FORMAT (34H ERROR,NUMBER OF GROUPS TOO L A R Q E ) 
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li? rSS'^il 15*" ERROR.NUMBER OF GROUPS IS ZERO ) 
511 F0 R M A T ( 4 7 H ERROR.NUflRER oF DOWN.OR UP - S C A T T E H S TOO LARQE ) 

512 FORMAT (40" ERROR,ZfcRO OR NEGATIVE MATERIAL NUMBER ) 
513 F(3RMAT (87H ERROR,UPPER REGION BOUNDARY aoiNT -JON-INCREAS 1 NO 

iil(i)is LESS THAN OH EQUAL TO i > 
514 FORMAT (20H ERROR,ZfcRO DELTA B ) 

23-! nSS'^t^ "3^" ERROR.NU N O N - Z E R O S I Q M A T O T A L ) 
916 FORMAT (37H ERROR, INCONSISTENT ANOULAR INPUT ) 
518 F0RMAT(38HI CHECKOUT-RADII.PnwER-FlSSION VOLUME) 
519 rORMAT( 9(lx.E12,5)) 
520 F0RMAT(33H MATERIAL NUMBER GREATER THAN 25 ) 
521 FORMAT(17H3PR0GRAM Tgjj 494) 
522 FORMATC FLUX CALCULAT'ION OF nuAL FLUX-AOJOINT OPTION.) 
523 F0 R M A T ( 3 I H ...... TLUX CALCULATION ......) 
524 rORMAT(34H ...... AUJOINT CALCULATION ».»..•) 
525 F0RMAT(A5,lx,(11A6)) 
528 F O R M A T ( . O T H 1 S PROBLEM SKIPPED.) 
529 FORMAT(*0 SLAB GEOMETRY*) 
530 FORMAT!. SPHERICAL GEOMETRY.) 
531 FORMAT(. ERROR, GEOMETRY SPECIFIED INCORRECTLY.) 
532 F0RMAT(83H . CROSS SECTION H O M O G E M ZAT I OS ijSiNQ FLUXES AND At 

is FROM PRECEEDING PROBLEM .) 
533 F0RMAT(lHi,i2A6,l2) 

END LINK 1 
SUBROUTINE SEARCH 
C O M M O N / A 1 / L L ( 2 5 0 ) , E ( 1 7 4 3 5 ) , C C ( 6 ) , N N ( 2 I ) , S R , L C , N A , N O F , L F , N A F , I 

1K,L,M,J1,J2,J3,J4,JS,M],M2.M3.M4', M5.M6,M7.SOME.SUM.AJ.SI,S2,« 
2 L G 0 , N C E , A N , I T , X P T ( 1 S ).IDIM.I()DIM.ILDIM,NPI,FI^,Ml,EIGFN.EfGE^ 
3EN2,NEXT,K3,MM5,II I.MM4,Kl,K2.NCTR,P0wR2(189),P0UR3(189),SC(1 
4),XK(3),VX(3),TIMEBfcO,nUT0ON.SEARCON,ElGM3,SrFLUX(150,26).I J* 
5EM1,MATNO(20).I SET.PROHT(12).TSIVE<ELOWER(271 
DIMENSION Il(40).MlH(4n).DELR(4n).POWRl(l89) , EMU( 22 ), ALPHA ( 2', 

lDELTA(22,26),SVM(i89,26),SlGT(?6.?5),SlGS(26.25).SIGSi(?6.25t 
20(26.25).CHI(26,25),sTR(234,25).STRl(25,25).vlNV(26,25),LwGP< 
3LHREQ(6),C0NC(40).Mlx(40),MTIx(?6),NTMlX(2o).QAMHA(l0.2,26),E 
426,25),BETA(2,26).LRATE(25) 
EaulVALENCE(LL<l'.MAx).(LL(2).JMAx'.<LL(3).NBR).(UL(*).N'. (LL 

1NDS),(LL(6),NPS).(LL(7,.N0T).,LL(8),ITOuTg,(LL(9),LCO),(LL(10 

2),(LL(ii),LPG),(LL(12),IDP).(iL(i3).MUTEST),(LL(i4),JSP),(LL< 
3MIX>.(LL'16''MM1X),(LL(17),KRFG).'LL<18).NSOS>•'LL'19). NFOS>' 
*20),K1T1),(LL(21), IHuK|,(LL(2?),MA0j),(LL(23,,MFR),(LL(74,,r.C 
5(25). lEXOP), (LL(26).II). (LL(66).MIR), (LL(io6),MIX), (LL(i46)."' 
6(LL(166).NTMIX). (LL'186).NHGP), ( L L < 1 8 7 ) . N H R E B ) . < L L ( 1 88 J-LMREt" 
7(LL(198),LHGP),(LL(224,,I.FRE0I,(LL(225),>JRATF),(LL(?26).LRAT-
EOUI VALENCE(LL(220).NFREQ),(E(I),EPSl),(E(2).EPS?).(E(3),EPS! 

14),FAC),(E(5).THETA),(E(6).SEN)•(E'7),SGES>'(E<8),RR).(F(9)<> 
2E(10),DELR),(E(5o),SlGT).(E(7f)0).SlQS),(E(l35 0i,SIQSl).(E(20t 
3SIG),(E(2650),CHI).<E(330 0),STR),(E(9i50),STRI),(E(977S),V INV 
410425), ALPHA), (E (10477 ),BETA). (Ed 0529). 3AMMA), (E( 11049 J.DELT 
5(11621),EMU),(E(11643).CONC),(E(11683),POWRl,,(E(1187?) . BuCK) 
'12522),SVM) 
DIMENSION ALL(70O) 
COMMON/2/ILL(700), I R E C N O ( 2 0 ) , M G ( 2 0 ) , N E G ( 2 0 ) 

BANK{i),LINKi,/Ai/,SEARCH, SCHECK 
COMMON/A2/EE(130J) 
DIMENSION SIGFlS(26,25),SlQFIv(65 ),S IGCAp(26.?5),SlOCAv(6501 
EQUIVALENCE (EE(1).S I GF1V,SI OF Is).(EE(651),SIGCAv,SIQCAp) 
BANK(0),/2/,/A2/,lNPR,Ml)(x 
EQUIVALENCE (I L L ( 1 ) , A L L ( 1 ) ) 
NSOS'NSOS 
NFOS'NFOS 
KREG'KREG 

OR 

JOINT 

,J. 
OL, 
I.EIQ 
50,26 
1, 

26), 

,vusi 
26), 
UCK( 

(5), 
),MIK 
15).N 
(LL( 
),(LL 
TIX), 
), 
) 
). (E( 
IN),( 
0),VU 
), (E( 
A). (E 
,(E( 
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VXM=VX(3) 
IF(SEARC0N)1,1,2 

1 IF(JSP-1)3,3.5 
3 XK(2).S1 

VX(2)«C0NC(NS0S) 
VX(3)=SGES 
CONC(NSOS).SGES 
SEARCON.l, 
IF(NF0S)69I69,4 

69 RETURN 
4 CONC(NFOS).CONC(NF0S)-RR.(VX(3).VX(2)> 

GO TO 69 
5 XK(2)"S1 

VX(2).DELR(KREQ) 
VX(3)>SGES 
D E L R ' K R E G ) » S G E S 
SEARCON.1, 

QO TO 69 
2 XK(3).S1 

IF(SEARCON.2.)lo.ll.ll 
10 V X I . ( ( X K ( 3 ) . S E N ) * V X ( 2 ) . ( 9 E N . X K ( ? ) ) * V X ( 3 ) ) / ( X K ( 3 ) - X K ( 2 ) ) 

IF (VXI) 22,22.21 
22 IF (XK(3)"SEN) 25,30,24 
24 IF (VX(3)«VX(2))27.75.26 
26 VX(3),VX(2) 

XK(3) = X K ( 2 ) 
27 VX1..2.VX(3) 

QO TO 150 
25 IF (VX(3).VX(2)) 28,75,29 
28 VX(3)«VX(2) 

XK(3)«XK(2) 
29 VXI.5,.VX(3) 

QO TO 150 
30 VXI.1,01.VX(3) 

GO TO 150 
21 sEARCON.2, 

l5o IF(JSP.i)i5,i5,i6 
15 CONC(NSOS)=VXI 

17 1F(NF0S)71,71,18 
18 CONC(NFOS).CONC(NFOS)-RR.(CONC(NSOS).VXM) 

QO TO 71 
16 OELR(KREG)rVXl 

GO TO 7i 
11 XKG«(XK(1)*XK(2)»ABSF(XK(1).XK(2)))/2. 

XKL.(XK(l)*xK(2).ABSF(xK(l),XK(?)))/2. 
13 XKA.((XK(2)»XK(2).XK(3).XK(3)).VX(l)*(XK(3)*yK(3).XK(i).XK(l) ).VX( 

1 2).(XK(l).XK(l)-XK(2)«XK(?)).vX(3))/(2..(tXK(2)-XK(3)).vX(l). 
2 (XK(3).XK(1)).VX(2)*(XK(1).XK(2)).VX(3))) 
IF (XK(3).SEN)8o,12.90 

80 IF(XKG-SEN)83,12,12 
83 IF (XKA.SEN)62,12,1Z 
90 IF (XKL-SEN)12,12,91 
91 IF (XKA-SEN)12,l2,6<i 
12 ABl. 

I <Sl:N,XK(2))»(XK(a)-SEN)/((xK(i).XK(2))«(Xj(jS).KK<l))) 
*e»»(SEN-XK(l)).(xt((3>-8eN)/((XK«l).XK(8)>.«xK(2).KK(S))) 
ARS,f<iEN-X'<(l)).(XK':2WS^N)/((XKi3)'tK(J)) •( HK(l'>.XK( J) S ) 
/C-.A). ./<,!) »H2,v-<(li). ABS. VX( 3) 
IFj iHi ,i<,»2,151 

If(X«(3)-SEN)63,12.64 
63 XK(2)=XKG 



,^ IF(XK(1).XKG)10,65,1 
64 XK(2).XKL 

If(XK(i)-xKL)i9,65,i,. 
65 VX(2),VX(i) 

GO TO 10 
71 DO 72 1,1,2 

VX(I),VX(I.l) 
72 X K ( I ) » X K ( I . 1 ) 

IF(JSP-l) 81,81,82 
81 VX(3).C0NC(NS0S) 

GO To 69 
82 VX(3),DELR(KREG) 

GO TO 69 
75 PRINT 500 

500 FORMAT (/86M SEARCH FAILSD, Two CONSECUTIVE <!EARCH G U F S S E S A S E E Q U 
IAL,CHECK SECOND GuEbS ) 
CALL EXIT 
ENO 
SUBROUTINE INPR 
COMMON/Al/LL(250),E(l7435),CC(6),NN(2i),MR,Lc,NA,NOF,Lr.NAF,l,J, 

I K , L , M , J I , J 2 , J 3 , J 4 , J 5 , M I , M 2 , K 3 , H 4 , M 5 , M J , M 7 , S O M E , S U M , A J . S I , S 2 , V 0 L . 
?tS2'!;!'^^'*'^i"''!i''^'l' >.IDlM.IuDIM.lLDIM,Npi,FlGMl.eiQEN.EIOE'>l.EIO 
3 E N 2 . N E X T , K 3 , M M 5 , I 1 I,MM4,Kl.K2,NCTR,P0WR2(189,,P0gR3J189),SC(150, 26 
4),XK(3),VX(3),TIMEBEQ.nUTCON.sEARCON,EIG'<3,SCFLUX(15 0,2^). IJKl, 
5EMl,MATNO(20).lSET.PRORTri2).ISAvE'ELOWE^(27) 
DIMENSION II(40).MIH(40),DELR(40),POWR1(189).EMU(22).ALPHA(2',26), 

1DELTA(22.26),SVM(18»,26).SIGT(26.?5),SIGS(26,25'.SIGS1(?6.25»,VUSI 
2G(26.25).CHI(26,25).sTB(234,25).$TRl(25.25).vlNV(26.25).LMGP(26), 
3LHR6G(6).CONC(40).MIX(40),MTlX(2d),NTMlX(20).QAMMA(l0.2.26),EUCK( 
426.25).BET*(2.26).LRATE(25) 

EQUIVALENCE(LL(l),MAx),(LL(2).JMAX).(LL(3).N8R).(LL(4),N).(LL(5), 
lNDS),(LL(6),NPS),(Ll.(7,.N0T).(LL(8),IT0uT).(LL(9).LC0),(LL(li),MIK 
21>(LL(11),LPG).(LL(12).IDP).(LL(13),MUTEST).(LL(14).JSP),(LLll5),N 
3HIX). (LL<16),MM1X), (LL(17),KRFG). (LL(ie).NSO«i) . (LL (19 ). NFOS ) < (LL ( 
*20),K1T1),(LL(21), IHijK), (LL ( 2? ) . MAO J ) , ( LL ( 23 ), M F P ), ( LL ( 74 ). JC ), ( LL 
5(25). lEXOP), (LL(26), II), (LL(66),MIR), (LL(1^^6i.MIX),(LL(l46),^TIX). 
6(LL(166),NTMIX),(LL(l86).NHGP).(LL(187 ),SHRER),(LL(188).LHRBC), 
7(LL(19e),LHQP).(LL(224),LFRES).(LL(225).XRATF),(LL(?26).LRATf) 

EQUIVALENCE(LL(220),NFREQ).(E(I),EPS1),(E(2),EPS?).(E(3),EPS0),(E( 
14).FAC), (E(5).THETA). (E(6),S6N). (E(7),SGES). (E(8),RR).(E(9).''IN),( 
2 E ( 1 0 ) , D E L R ) , ( E ( 5 0 ) . S I Q T ) , (E( 700)', S IOS), (6( 1350). SIQsl), (E(20«0),Vu 
3SIG).(E(2650 ).CHI).{£(3300).STR),(E(9150),STpi),(E(9775), VINV),{E( 
410425),ALPHA),(£(10477),BETA).(E(10529).GAMMA).(£(11049).DELTA),(E 
5(1162l),EMU),(E(11643).CONC).(E(ll6e3),P0gRl),(E(1187?).BUCK),(£( 
'l2522).SVM) 
DIMENSION A L L ' 7 0 0 ) 
C O M M O N / 2 / I L L ( 7 0 0 ) , I R E C N O ( 2 0 ) , N I G ( 2 0 ) , N E G ( 2 0 ) 
BANK(1),LINKi,/Ai/,SEARCH,SCHECK 
C O M M O N / A 2 / E E ( 1 3 0 0 ) 

DIMENSION SIGFlS(26,25),slGFlV(65 >,SIGCAP(26,25),SIOCAVI650« 
EQUIVALENCE (EE(i),SIGFI V,SISF1S),(EE(651),S I QCAv.SIQCAp) 
BANK(0),/2/,/A2/.INPR.MlXX 
EQUIVALENCE (ILL(1),ALL(1)) 
PRINT 500 

PRINT 501,IG.MAX.JMAX.NQR.NOS.MUTEST,N,LPG.LcO.NnT.NMlX,lDP>ITOUT 
PRINT 60 0 , N P S , M M I x , J S P . K R E O . N S O S . N F O S 
PRINT 526,IBUK.NRATb,NHGP,NHREG 
PRINT 502,EPSl.XIN.THETA.FAC 
PRINT 601, SGES,SEN,RR 
PRINT 503 
PRINT OUT REGION DATA 
DO 2 I=1,J"AX 
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2 PRINT 504.I,MIR(I).K,DELR(I),XPT(K) 
PRINT OUT ANGULAR DATA 
PRINT 505 
DO 3 I.1,J1 

3 PRINT 506,I,EMU(I) 
PRINT OUT MIXTURE DATA, IF AN'' 
IF(NMIX)6,6,4 

4 PRINT 507 
DO 5 1=1.NMIX 
IF(C0NC(1))22,21.22 

21 IK.6H MIX. 
GO TO 5 

22 DO 20 J.1,20 
IF(MIX!l),NE,NTMlX(J)) QO TO ?o 
I K ' M A T N O ' J ' 

00 TO 5 
20 CONTINUE 

IK.6H 
5 PRINT 508,1,MIX(I),CONC(I),IK 

00 TO 7 
6 PRINT 509 
7 DO 8 I.l,NOR 

DO 8 J'l,MAX 
IF(SVM(J,1)) 9,8.9 

8 CONTINUE 
PRINT 510 
QO TO 11 

9 PRINT 511 
M2,MAx.JMAX-l 
DO 10 I'l,NGR 
pRlNT 512,1 

10 PRINT 513,(SVM(J,I).J.1.M2) 
PRINT OUT BOUNDARY CONDITIONS 

11 PRINT 514 
I F ( M F R , G T , 0 ) P R I N T 525 
DO 25 I.l,NGR 
DO 26 J.1,2 
IF(BETA(J,I))27,29,Z7 

29 DO 28 K.l,10 
IF(GAMMA(K.J,I))27,28.?7 

28 CONTINUE 
26 CONTINUE 

DO 33 K.l.Jl 
IF(DELTA(K,I))27,33,27 

33 CONTINUE 
25 CONTINUE 

DO 30 1,2,NGR 
IF(ALPHA(l,l),NE.ALPHA(i,l.i),OD TO 31 
1F(ALPHA(2,I).NE.ALPHA(2.I.1))G0 TO 31 

30 CONTINUE 
PRINT 5 2 7 , A L P H A ( 1 , 1 ) , A L P H A ( 2 . 1 ) 
GO TO 32 

31 P R I N T 528 

DO 34 1,1,NGR 
PRINT 529,I,(ALPHA(K,I),K,i,2) 

34 CONTINUE 
00 TO 32 

27 DO 12 1.1,NQR 
PRINT 515,I,{ALPHA(K.I),K,i,?) 

lj»l,2),K'l,l0) 
K>1 

(8ETA(K,I),K»i,2).((GAMMA(K.JiI), 
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69 H R ^ N T 524,L,K,DELTA(L.I).DELTA(K-,n 
K'K*1 
L'L.l 
IF(K.J2) 69,69,12 

12 CONTINUE 
32 PRINT 516 

B S O R D , 0 , 0 

If(IBUK,EQ.i)eSQRD.BUCK(,,,) 
DO 16 Ml'1.25 
DO 17 J.l,JMAx 
K.MIR(J) 
IF(K,EQ,Mi) GO TO i8 

17 CONTINUE 
GO TO 16 

18 PRINT 517,K 
I f ( I 8 U K , E 0 , 2 ) B S 0 R D . B U C K ( K , I ) 

DO 13 I'l,NGR 
If(IBuK,EQ.3.0R,l8uK,Eo.5)BS6BD.BuCK(l,l) 
If(IBuK,Eo,4)8SQRD.HuCK(I,K) 

13 PRINT 518,I,SIQT(I.K).sIflS(I.K).SlGsl(I.«).VuSIQ(I.Kl,CHl(I.»). 
IBSQRD 
If(NDS)100,1TO,14 

14 PRINT 5l9 
M'l 
DO 15 I.l,NDS 

L»NQR.I.l 
M 7 ' L * M 

PRINT 520,1,(STR(M6,K),M»'M,H7) 
15 M . 26.M-1 

PRINT UPSCATTER MATRIX IF NECESSARV 
100 If(NPS)16,16,101 
101 PRINT 604 
604 F0RMAT(9X,15HP-1 DOHNSCATTER) 

M.NQR-l 
PRINT 6o5, ( S T R l d . K ) , t.l'.M) 

605 F 0 R M A T ( 5 E 1 8 , 6 ) 
16 CONTINUE • 

PRINT 521 
AC68.(TIMEBEG,TIMELeFT(AC68))..0 01 
PRINT 603,AC6« 
RETURN 

603 F0RMAT(7X,4HTIM£F9.3) 
500 FORMAT (2X,25H1NPUT DATA .......•......) 
901 FORMAT (5X,23H0EOMETRY INDICATOR ...» I3/5X,23HNUMBeR Of POINTS »•• 

1 . . * I 3 / 9 X , 2 3 H N U M B E R UF REGIONS ..... 1 3 / 5 x , 2 3 H N U M B E R OF Q R O U P S «*•». 
2*I3/5X.23HD0WNSCATTfcR GROUPS ...» 1 3 / 5 X , 2 3 H A N G U L A R APPROXIMATION •! 
33/5X.23HANQULAR INTERVALS ..... 1 3 / 5 X , 2 3 H » 0 W E R GUESS OPTiON »***13/ 
4 5 X , 2 3 H C 0 N V E R G E N C E OPTION .... 1 3 / 9 X , 2 3 H O U T P U T OPTION •.•.«..««I3/ 
5 5 X ' , 2 3 H E L E M S . IN M I X . V E C T . . . I 3 / 5 X , 2 
63H1NPUT PRINT OPTION .... I3/5x.?3H1TERATION MAXIMUM •.•.•13) 

502 FORMAT ( I H O , 4 x , 2 3 H E P S I L O N *.....*........, E12.5/9x. 
123HINITIAL RADIUS ......... 
2 E 1 2 . 5 / 5 X , 2 3 H £ X T R 4 P O L A T I O N F A C T O R • * E I 2 . 5 / 5 X . 2 3 H N O R ^ A L I ^ A 
3TI0N FACTOR ..E12,5) 

503 FORMAT (////iX.iiHREGlON DATA//7X, 6HREG I ON, 7X. jHREG I ON, 8X. 7H»'AX I MU 

1 M , 7 X . 5 H D E L T A . 6 X , 5 H O U T E R / S X , 3 H N 0 . , 8 X , 8 H M A T E R I A L . 5 X , 1 1 M P O I N T IHDEX,7 
2X,1HR,8X,6HRADIUS) 

504 F0RMAT(8X,l2,12X,I2,i2x.I3,5X. 2E12.5) 
505 F 0 R M A T ( / / / / 2 X . 1 2 H A N B U L A R DATA) 
506 F0RHAT(6X,2HMU12,1H., E12.5) 
507 F O R M A T ( 1 H 0 , 2 X , 1 2 H M I X T U R E DATA) 
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508 F0RMAT(6X.I2,3X,I2.3X, E12,5.IM.,3x,A6) 
509 F 0 R M A T ( 1 H ( I , 2 X . 2 4 H N O MIXTURES TO BE FORMED) 
510 F O R M A T ( I H O , 2 X , 2 I H N O F I X E D SOURCE INPUT) 
511 F 0 R M A T ( 1 H 1 , 2 X , 1 8 H F I X E D SOURCE INPUT) 
912 F O R M A T ( 1 H O , 3 X , 6HGR0UP II,6H ...*.) 
513 F 0 R M A T ( 6 X , loEll.4) 
514 F 0 R M A T ( 1 H 1 , 2 X . 3 2 H B 0 U N D A R V CONDITION SPECIFICATION) 
515 FORMAT(1HO,4X,6HGROUP I2'.6H ...... 9x, 8 H . * L E F T » . . 6X, 9H..RlGHT«»//6X 

1.12HALPHA ......,8X.El?.9,5X,Fi?.5''6X.12'*BETA ..•...•,8X,Ei2i5.5X, 
2 E12.5/6X.12HGAMMA •*..../ex. 1 0HL = 0 ....•*, 8x. El2 . 5. 5x< El2 . 5''8x< 10 
3HL,l ......,8x.E12.S.5y.E12.5/8x;lOHL,2 ....... 8x, El2.5.5x,EJ2,5/8 
4X,10HL=3 ...*..,8x,El2.5.5X.Ei2.5/8x,lOHL=4 ......,flX.Ei2.5.5X,El2 
5,5/8X,10HL«5 . . . . . . . 8 X . E 1 2 . 5 . 6 X , E 1 2 . 5 / 8 X . 1 0 H L » 6 * . . . • . , 8 X . E l ' . 5 , 5 X 
6,El2.5/8x,10HLr7 ».....,8X,El?.5,5X,El2,5/8X.IOHL.8 •...«.,8>,El2. 
75,5X,El2.5/8X,loHL.9 ......,ex,Ei?,5,5X,Ei2.5/6X.i2HDELTA ..•.»•) 

516 F0RMAT(1H1,2X.18HCRUSS SECTION DATA) 
517 FORMAT(///4x,llH.........../3x,9H.MATERIAL, Is.lH.,9x,7H»SI0M»*,6X, 

19H.SIGMA S.,4X.9H.SIGMA S..4X.ipH.NU-SIQMA.,3X,9H.FISSI ON..4>,1OH. 
2BUCKLING./4X,11H...*.......,6X,7H.TOTAL..6X.9H. ZERO •,4X.9i-» ON 
3E *,4X,9H.FISSION..4X.10H.SPECTRUM.) 

518 F0RMAT{7X,5HGR0UPI3,3X.6(1X. Ei2.5)) 
519 FORMAT(1H0.3X.15HTRANSFER MATRIX) 
520 F0RMAT(9X,9HD0WN.... I?/ (5Elfl.6)) 
921 FORMAT(lHo,3X,l8HENU OF INPUT PRINT) 
522 F0RMAT(lHl,5X,16HFISSlON SPECTRUM) 
923 FORMAT(6X,10HGROUP.... I?.(6El3.5)) 
524 FORMAT (7x,3HMU(I?,2H)(I?.2H)..8x,El2.5.5X.E12.5) 
925 FORMAT(lH0,10X.27HPl:RlnDlC B O U N P A R V CONDITION) 
526 F0RMAT(5X,23HbUCKLING INPUT OPTION .13/5X, 23HN0. OF REACTION RATES 

1 »I3/5X,23HH0M0GEMZED QROUPS .... I3/5X, 2 3 H H O M O G E N IZED REGIO^S ... 
2l3) 

602 F 0 R M A T ( 9 X , 6 H UP... Il,9(2x. E12.5)) 
600 F 0 R M A T ( 5 X , 2 3 H P I « D 0 W N S C A T T E R . . . . . . . . I 3 / 5 X , 2 3 H T A P E E L E M E N T S ....... 

l.*I3/5X.23HSEARCH OPTION ......... 13/5X,23HSEARCH ZONE ........... 
2I3/9X,23HS6ARCH POS. IN MI X.....I3/5X.23H F I L L POS. IN Mix.**.. 13 
3) 

601 F0RMAT(5X,23HSEC0ND Q U F S S .......••., El?.5/5X.23HEIQENVALUE D E S I R 
lEO ..... E 1 2 . 5 / 5 X , 2 3 H S E A R O H RATIO ........... El? 5) 

527 F O R M A T ( I H O , 4 X . 2 2 R A L P H A FOR ALL GROUPS ' Ei2.5.)lH LEFT, AND Ei2,5 
1 , 6 H RIGHT ) 

528 FORMAT! IHO, 4X.11HALPHA ...... 1 2x', 8H,.LEFT.., 6X, 9H,«R I O H T . . / ) 
529 F0RMAT(5X,6HGH0UP IZ,14X.Ei2.5.5X.£l2,5) 

END 
SUBROUTINE MIXX 
COMMON/Al/LL(250),E(l7435).CC(6),NN(2l),NR,LC,NA,NOF,LF.NAF,I, J, 

l K , L , M , J i . J 2 , J 3 , j 4 , J S , M I . M 2 , M 3 . M 4 , M 5 , M 6 , M 7 , S O M E . S U M , A J , S , , S 2 , V 0 L , 
2 L Q 0 , N C E , A N . 1 T . X P T ( 1 3 ).IDlM.IuDIM.lLDlM.MPI.FIQMl.ElQFN,ElGEM.EIG 
3 E N 2 , N E X T , K 3 , M M 5 , I I 1,MM4, K 1 . K? . N C T R , P 0 W R 2 ( 1 8 9 ) , P 0 M R 3 ( 1 8 9 ) , S C ( 1 5 0 , 2 6 
4),XK(3),VX(3>,TIMEBfcG,OUTCON,SEARCON,EIGM3,ScFLUX(150,26),U'l. 
5EM1,MATNO(20),ISET,PRORT(12),I SAVE,ELOWER(27 ) 
DIMENSION II(40),MlH(4n),DELR(4n),POHRl(189).EMU(22),ALPHA(2',26), 

IDELTA(22,26),SVM(18«,26).SIGT(26'.25),SIGS(26.25),SIGS1(?6.25<,VUSI 
2G(26,25).CHI(26,25).sTR(?34.?5).sTRl(25.25).vlNV(2«.25).LHGPi26), 
•5LHREG(6).CONC(40),MIX(40),MTIX(26),NTMlX(20).GAMMA(10.2,26),iEUCK( 
4 2 6 , 2 5 ) , B E T A ( 2 . 2 6 ) . L H A T E ( ? 5 ) 

EQUIVALENCE(LL(1),MAX).(LL(2).JMAX).(LL(3),N0R),(LL(4),N).(LL(5), 
1 N D S ) , ( L L ( 6 ) , N P S ) , ( L L ( 7 ) . N 0 T ) . ( L L ( 8 ) , I T 0 U T ) , ( L L ( 9 ) , L C 0 ) . ( L L ( 1 ),MIK 
Z),(LL(11).LPG),(LL(12),I0P).(LL(13).MUTEST),(LL(14),JSP),(LL(15),N 
3MIX).(LL(16)-MMIX),(LL(17),KRFG).(LL(18).NSOS)•(LL(19).NFOS)'(LL( 
4 2 0 ) , K 1 T 1 ) , ( L L ( 2 1 ) . I H U K ) . ( L L ( 2 ? ) . M A D J ) , ( L L ( 2 3 ) , M F R ) , ( L I (?4),rC),(LL 
9(25),1EXOP),(LL(26),II),(LL(66),MIR),(LL(106),MIX),(LL(5 46), TIX), 
6(LL (166). NTMIX), < LL (186 ). NHGP ).(LL( 187 > , * ( H R E Q ) . (LL < 18fl ) . L H R B C ). 



14).FAC).(E(5),THETA).(E(6).SEN).<E(7).SGES)'(E(8).RR).(F(9),>IN).I 
^liJ?';F^^Si;!^^u?''?l?^'''^'"""'^l°S'''^<l'"'>'SI<iSl),(E(20C0),Vu 
J.i.h' ' ^ " " ' ' ^ " ' ' ' " ^ < " 0 0 ) . S T R ) , { E ( 9 I 5 O ) , S T B I ) , ( E ( 9 7 7 9 ) , V 1 N V ) , | E ( 
410425 ), ALPHA ), (£(10477).BETA). (Ed 0529 ),3AMMA).(E (11 049), DELI A ),(E 

9(11621) EMU),(E(11643).CONC).(£(11683),P3wRl).(E(1187?).BUCK),(E( 
612522).SVM) 
DIMENSION ALL(700) 
COMMON/2/ILL(700),1RECN0(20).w1G(20>,NEG(20) 
BANK (I ),LlNKi,/Ai/, SEARCH. SCHE(:K 
COMMON/A2/Ee(130J) 
DIMENSION SIGFIS(26,25).sIGFIv(65 ), S I GCAP(26,25).SIQCAv ( 650 I 
EQUIVALENCE (EE{1),b IGF Iv,SIGFI SI,(EE(651),SlQCAv. SIQCAp) 
BANK(0),/2/,/A2/,INPR.MlxX 
EQUIVALENCE (ILL(1),ALL(1)) 
NMIX'NMIX 
REWIND 11 
IF(LGO)800,5 00,5000 

9000 1F(MMIX)800,800,700 
700 PRINT 506 

LIB'U 
REWIND LIB 
MAXIGiMAXEQ'O 
IF(UN1T,LI9)1,2,3 
PRINT 4 
FORMAT(.0EOF OR PARITY ERROR ON LIS TAPE*) 
CALL 08QERROR(o,4HBUQ.) 
BUFFER IN (LIB.1)(ILL(1).ILL(«)) 
IF(UN1T,LIB)5,6,3 
K1'ILL(1)*1 
BUFFER IN(LIB,1)(1LL(1).ILL(K1)) 

7 IF(UN1T,LIS)7,8,3 
8 DO 10 Il=2.Kl 

IF(ISET,E0.ILL(Il))9,n 
9 K2,I1.1 

BUFFER I N ( L I B , 1 ) ( K 3 , K 3 ) 
799 IF(UN1T,LIB)799,11 % 
10 CONTINUE 

PRINT 12 
12 FORMAT(.OCANT FIND SET I0») 

CALL 0 8 Q E R R O R ( 0 , 4 H B U Q , ) 
11 K 3 ' K 2 - 1 

DO 13 I1.1,K3 
13 CALL SKIPFILE(LIB, 

BUFFER IN(LIB.1)( ILLd). ILL(8)) 
16 IF(UNIT,LIS)16,17,3 
17 IF(lSET,E0.ILL(i))20.l8 
18 PRINT 19 
19 FORMATCOrOUND WRON(i SFT») 

CALL Q B O E R R O R ( O , 4 H B U Q . ) 
20 NGR'ILL'*) 

M.ILL(5) 
K333.NGR.2 

BUFFER 1N(LIB.1)(ALL(1).ALL(K3)) 
K1,2.M 
K3'2*NGR.2 

21 1F(UNIT,LIB)21.22,3 
22 DO 201 11.1,NGR 

EL0WER(I1*1)=ALL(I1*1) 
DO 201 12.1,MMIX 

201 VINV(I1,NTMIX(I2)).1./ALL(I1.K3) 
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E L 0 W E R ( 1 ) . A L L ( 1 ) , . 
BUFFER IN ( L I B , 1 ) ( I U L ( 1 ) , I L L ( K 1 » > 

23 I F ( U N 1 T . L I B ) 2 3 . 2 4 , 3 
24 DO 28 11=1,MMlX 

DO 2 * l 2 = l i M 
I F ( M A T N O ( I 1 ) - E O . I L L ' I 2 ) ) Q O TO 280 

" S1HOT"H, ; ' °M^T 'VOTVN' 'C IOSS SECTION SET - .A6,2,6, 
CALL O B O E R R O R < 0 , 4 H B U Q ' ) 

280 NEG(I1).ILL(I2.M) 
28 CONTINUE 

ICONl'O 
DO 282 U.l.MMlx 
1CON=100000 
DO 283 I2»1.MM1X 
lF(NEGd2),LE,lC0Nl) GO TO 283 
IF(IC0N,LT,NEGd2)) 0° TO 28S 
IC0N»NEG<I2> 
NIQ(I1).I2 

283 CONTINUE 
ICONl'ICON 

282 IRECNOdl) = ICON 
K4»4 
DO 52 K5=1.MMIX 
1=NIG(K5) 
I F L A G . O 
DO 284 IJKl'l.NRATE 
1F(MATN0(I),E0.LRATE(IJK1))IFLAG«IJKI 

284 CONTINUE 
286 DO 121 J'l,NGR 

SIQT(J.NTMIX(1))=0, 
S I G S ( J . N T M I X ( l ) ) . o . 
S i G s K J . N T M l X d ) ) = 0 . 
C H I ( J , N T M I X ( I ) ) . 0 , 0 

1 2 1 V U S I G ( J , N T M I X d ) ) , ( ) . 
DO 122 J = l , 2 3 4 

122 S T R ( J , N T M 1 X ( I ) ) . 0 , 
DO 123 J . 1 , 2 5 

123 S T R K j . N T M I X d ) ) = 0 . 0 
DO 101 1 2 . 1 , 2 0 

101 NEG(I2)«0 
K8=IRECN0(K5)'K4 
DO 281 1J,1,K8 
BUFFER IN ( L I B , i X I L L d ) . ILLd )) 
K4.K4.1 

31 1F(UNIT,LIB)31,281,3 
281 CONTINUE 

BUFFER lN(LIB.l)(ALL(l).ALL(i7)) 
K4.K4.1 

32 IF(UN1T,L1B)32,331.J 
331 PRINT 15.(ILL(J).J«1.10),NTM1X(1> 
15 F0RMAT(5X,A6,9A8,5X,2H.. 13,?H..) 

DO 332 12.2,8 
332 ILL(12)'ILL(I2»9) 
34 IF(ILL(4))37,391,35 
35 PRINT 36 
36 FORMAT(»0GROUP DEPENDENT FISSION SPECTRUM*) 

CALL Q 8 0 E R R O R ( 0 , 4 H 9 U Q . ) 
37 K3=NGR.B 

BUFFER 1N(L1B.1)(1LL(9).ILL(K3)) 
K 4 = K 4 . 1 
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38 IF(uNlT.LIi3)38.38l,3 
381 DO 382 12'1,'JGR 
382 CHI(I2.NTMlx(I))=ALL(I?*8) 
39 KK,14 

00 TO 4o 
391 KK=12 
40 ILEL.ILL(5).1 

ILIN'ILL(6).i 
I L N 2 N ' I L L < 7 ) * 1 

49 K3=KK»3.(ILEL.ILIN.ILN2N) 
DO 49j J.J,NGR 
BUFFER IN(LIB.1)(ILL(9).ILL(K3)) 
K4,K4.1 

420 If(UNIT,LIB)420,430.3 
430 IF(ILEL.EO.O) GO TO 43nO 

IK.KK.ILEL.l 
ILSIGEL.IK.ILEL 
IGEL=ILL(IK) 
I F E L ' I L L ( K K . I ) 

4300 IF(ILIN.EO'O) GO To 43nl 
IK.KK.3.ILEL.IL1N.1 
ILSIGIN.IK.ILIN 
IQIN=ILL(IK) 
IF1N.ILL(IK.ILIN) 

4301 IF(ILN2N.E0,J) QO TO 4302 
I K = K K . 3 . ( I L E L * I L I N ) * 1 L N 2 N . 1 
ILSIGN2N.1K.ILN2N 
IQN2N.1LL(IK) 
I F N 2 N ' 1 L L ( I K - I L N 2 N ) 

4302 IF(NDS.LT, IGED NDS'IQEL 
IF(NDS.LT,1GIN) NDS4IQIN 
IF(NDS,LT,IGN2N) ND S 5 I G N 2 N 
I F ( N D S . G T , 1 2 ) PRINT 48n 
IF(NDS.GT,12) NDS'12 
IF(IFEL.GT.O) PRINT 48l 

480 FORMAT(.o THIS SET HAS MORE THAN i2 DOHNSCATTERS, EXCESS ARE IQNOR 
1ED«) 

481 FORMATCO THIS SET HAS UPSCATTER, HHICW IS BEINO IQNORBD*) 
IF(1FIN,GT.0) PRINT 484 
IFIIFN2N.GTiJ) PRINT 4fll 

488 SIGT(J,NTMIX( I ) )=ALL(n) 
I F ( 1 F L * G , G T , O ) S 1 G C A P ( J . I FLAG),ALL (ID 
IF(ILL(4),LT.0)472.473 

472 VUSIG(J,NTMIX(I)).ALL(l3).ALL(14i 
IF(IFLAG.GT,0)SIGFlb(J.IFLAG).ALLd3) 

473 M 2 ' I F E L * I G E L 
I F { M 2 , G T , 0 ) M 2 , M 2 . 1 
MS'IFIN.IGIN 
IF(M3,GT.O) M3»M3*1 
M4.IFN2N.IGN2N 
IF(M4,GT.0)M4.M4.1 
K 8 ' M 2 . M 3 . M 4 
IF(K8,GT.0)112.Ill 

111 K8»7 
112 M5»K3*1 

K 8 = M 5 . 1 . K 8 
BUFFERINILIB.l)(ILL(M5) . ILL ( K8)) 
K 4 . K 4 . 1 

113 IF(UNIT,LIB)113,114.3 
114 IF(M2,EQ.O) GO TO il9 

SIGS(J.NTMIX(1))=ALL(M5*IFEL.1).ALL(ILSISEL> 
DO 118 M7.1,IGEL 



IF (M7.GT.12) 00 TO ll9 
Kl=25 
K 2 » 0 
DO 117 M 9 , 2 , M 7 

K2=K2.Kl 
117 Kl'Kl'l 

Kl»K2.J 
118 STR(Ki,NTMlX(I))= ALL (M5.M7.IFEL'l»»*UL(ILSlQEL) 
119 1 F ( M 3 , E O . 0 ) GO To 126 , _.,_, 

SlGS(J.NTMlX(l))=Sias(J,NTMlX(I)).*LL(M5*M2*lFIN.l)«ALL(lLSHIN) 
DO 125 M7.i,IGIN 
IF iM7-GTil2) QO TO 126 
Kl.25 
K2.0 
DO 124 M9«2,M7 
K 2 , K 2 . K 1 

124 Ki'Ki.i 
K 1 ' K 2 . J 

125 S T R ( K 1 . N T M 1 X ( I ) ) = S T H ( K 1 . N T M I X ( I ) ) . * L L ( M 5 . M 7 . M 2 . I F 1 N . 1 ) * 
lALL(ILSIGIN) 

126 1 F ( M 4 , E O . O ) 00 TO 1Z7 
SlOS(J,NTMlx(I)).SIQS(J,NTMIX(I)).*LL(M5.M2*M3.IFN2N.l). 

1ALL(1LS1GN2N) 
DO 129 M7.1,IGN2N 
IF (M7.GT,12) GO TO l27 
K 1 = 2 5 
K2'0 
DO 128 M 9 , 2 , M 7 
K2=K2.Ki 

128 Kl'Kl-1 
KlaK2.J 

129 STR(K1,NTMIX(I))=STR(Ki,NTMIX(I)).ALL(M7.Mg*M2»MS*IFN?N.l). 
1 A L L ( I L S 1 G N 2 N ) 

127 I F ( M 2 . M 3 * M 4 , G T . O ) GO Tn 1143 
I F ( 1 L E L , G T , 0 ) S I G S ( J , N T M I X ( I ) ) , A L L ( I L S 1 G E L ) 
I F ( I L 1 N . O T . 0 ) S I G S ( J , N T M I X ( I ) ) . S i 5 S ( j , N T M l X d ) ) . A L L < I L S I o l N ) 
I F ( I L N 2 N . G T , 0 ) S I Q S ( J , N T M I X ( I ) ) = S1GS( J . N T M I X < I ) ) . A L L ( I L S I Q N 2 N ) 

1143 IFdLEL.GT,1)130.131 
l30M2' ILL(KK*2) * ILL<KK* lLEL*2)» i 

GO TO 132 
131 M 2 , 0 
132 I F d L I N . G T . 1 ) 1 3 3 . 1 3 4 
133 M 3 . I L L ( I L S I G £ L * I L £ L * 1 ) * I L L ( I L S i n E L * I L E L * l L I N . I ) • ! 

GO TO 135 
134 M 3 C 0 

135 IFdLN2N.GT,1)136,137 
136 M4.ILL(ILSIGIN.ILIN*l).ILL(ILSIGiN.ILlN.lLN2N.l)*l 

GO TO 138 
137 M 4 , 0 

138 K 8 = M 2 . M 3 * M 4 

IF(K8.EQ,0)496,139 
139 K 8 = M 5 * K 8 . 1 

BUFFER IN(LIB,i)(ILL(M9).lLL(K8)) 
K4=K4.1 

140 1F(UNIT,L1R)140,141,3 
141 EM=0. 

IFdLEL.GT.1)142,143 
142 I F ( M 2 , G T . 1 ) GO TO 1420 

SIQSl(J,NTMIXd))rALL(ILSlGEL.l) 
ENI'0,0 
GO TO 1421 

1420 M6=1LL(KK.2) 
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1421 

143 

144 

1440 

1441 
145 
146 

1460 

1461 

147 

148 

149 

150 

496 

52 

SOO 

1000 
1031 

1002 

1021 

1003 

4 

301 

S T R l ' 
E N l . S 
EMxAL 
I F ( M 2 
I F ( I L 
I F ( H 3 
EN'AL 
S l Q S l 
E N i , o 
00 To 
M 6 , I L 
EN.AL 
S I G S l 
E N l . A 
S T R l ( 
EM=EM 
I F d L 
1F(M4 
EN'AL 
S I G S l 
E N l ' O 
GO To 
M6 .1L 
EN'AL 
S I G S l 
E N l . A 
S T R i ( 
EM'EM 
S I G T ( 
S IQS( 
E H . O , 
I F d l 
DO 14 
EM'EM 
DO 14 
EM.EM 
DO 15 
EM'EM 
S IQT( 
S IGS( 
CONTI 
CONTI 
REUIN 
IF (NM 
IS TH 
IF TH 
IF (NM 
PRINT 
N C E . l 
QO TO 
F IRST 
I F ( C O 
I F ( C O 
PRINT 
N C E . l 
GO TO 
DO 30 
I f ( M l 
PRINT 
N C E . l 

( J , N T M 1 X ( I ) ) , A L L ( M 9 . M 6 . i ) . A L L ( I L S I G E L * ! ) 

J . N T M l X ( I 
T R 1 ( J , N T M 
L d L S I G E L 
. L E . 2 I E M ' 
I N . Q T . D I 
, Q T . i ) GO 
L ' l L S l G I N 
( J , N T M I X ( 
.0 

1 4 4 1 
L d L S I G E L 
L ( M 5 . M 6 . 1 
( J , N T M I X ( 
L L ( M 5 . M 6 . 
J , N T M I X ( I 
• A L L d L S I 
N 2 N . G T , 1 ) 
, Q T . l ) GO 
L ( I L S I G N 2 
( J , N T M I X ( 
.0 

1 4 6 1 
L d L S I G I N 
L ( M 5 . M 6 * I 
( J , N T M I X ( 
L L ( M 5 » M 6 . 
J , N T M I X ( I 
• A L L d L ^ l 
J . N T M l X ( I 
J . N T M l X d 

) ) ' A L L < M 9 * M 6 * 2 > . A L L ' I L S I G E L * 1 ' 
Ix( D ) 
. l ) . S l Q S i ( J , N T M I X ( i ) ) . E N i 
0 , 
4 4 . 1 4 9 

TO 1 4 4 0 
• 1 > 
I ) ) ' S i o s ) ( j , N T H t x ( h ) 

. I L E L . l ) 
) . * L L ( I I 
I ) ) » S I G S 
2 ) . A L L ( I 
) ) ' S T R l ( 
G I N . 1 ) - E 
1 4 6 , 1 4 7 

TO 1460 
N . I ) 
I ) ) = S I O S l ( J . N T M I X ( I ) ) . E N 

. I L L ( K K » I L E L * 2 ) . M 6 . 1 
S I Q I N . l ) 
1 ( J . N T M I X ( 1 ) ) . E N 
L S I Q I N . 1 ) 
J , N T M I X ( I ) ) . E N I 
N ' E N l 

• I L I N . l ) . I L L ( I L S I G i N . I L I N . l ) . M 6 . 1 
) . A L L ( I L S I Q N 2 N . , ) 
I ) ) ' S I G S 1 ( J . N T M | X ( I ) > . E N 
2 ) . A L L ( I L S 1 Q N 2 N . 1 ) 
) ) ' S T R I ( J , N T M I X ( I ) ) . E N I 
Q N 2 N . 1 ) - . 5 . ( E N . F N I ) 
) ) = S I Q T ( J , N T M I X ( I ) ) - E M 
) ) « S I U S ( J , N T M I X ( I ) ) - £ M 

T , 3 ) . A N D . ( I L I N , L T . 3 ) . A N D . d L N 2 N . L T . 3 ) ) 0 0 TO 496 
3 , I L E L 
I L S I Q E L . M B - I ) 
3 , I L I N 
l L S I O I N . M B - 1 ) • 
3 , I L N 2 N 
I L S I G I N . M D - I ) 
I X ( I ) ) . S I U T ( J , N T M I X ( I ) ) - E M 
I X d ) ) » S I U S { J , N T M I X d ) ) - £ M 

LEL.L 

8 MS. 
.*LL( 
9 M8. 
.ALL( 
0 M 8 : 
•ALL( 
J,NTM 
J,NTM 
NUE 
NUE 
D LIB 
IX)50 
ERE A 
ERE 1 
IX.2) 
501 

50 
VECTOR IN CONCENTRATIONS MUST BE ZERO. LAST MUST NQT 

NC(1))1 -103,1021,1103 
NC(NMlX))4,100J.4 

502 

50 
0 I'l.NMIX 
X(I).;5) 300,30 ,301 
503 

,5J,1000 

NY MIXING REQUIRED, IF NOT, RETURN 

S MIXING, MIXTURE VECTOR MUST HAVE AT LEAST TwO ELEMENTS 

1031.1002.1002 
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300 CONTINUE 
M3'1 
DO 1008 I'2»N^'IX 

C NO TWO NEIGHBORING ELEMENTS BF ZERO 
1F(C0NC( l))l''i06,loos,loot 

1005 IF(M3)1009,1307,1009 
1006 M3'0 

QO TO 1008 
1007 M3,l 
1008 CONTINUE 

GO To 1010 
1009 PRINT 502 

NCE.l 
MS'O 
GO TO 50 

C BEGIN MIXING ELEMENTS 
1010 DO 1011 1.1,6 
1011 CC(1).0,0 

ZNORM6»0.0 
M5 = 1 
M432 
DO 15 1'2,NMIX 
IF (NNMlX) 100,1101,100 

1101 M6 , NMIX 
GO TO 102 

100 1F(C0NC(I)) 15,12,19 
12 M6=I-l 

102 DO 1014 L'liNGR 
DO 1013 J,M4,M6 
K=MIX(J) 
CC{l).CC(l).SIQT{L,K)*CONC(J) 
CC(2)»CC(2)*SIQS<L.K)*C0NC(J) 
CC(3),CC(3).SIGSl(L.K).C0NC(J) 
lF(L.LT.NGR)CC(4),CC(4).STRi(L.K).C0NC(J) 
IF(CONC(J).GT.ZNORM6)10 27.10 28 

1027 ZN0RM6=C0NC(J) 
MlO'K 

1028 IF(VUSIG(L.K)11013,1 13.1022 
1022 1F(C0NC(J).CC(6))1013,1013,10?S 
1023 CC(6>'C0NC(J) 

M9»K 
1013CC(5).CC(5).VUSIG(L.K).CONC(J) 

M7,MIX(M5) 
SIGT'L.M7)'CC(1) 
SIQS(L,M7).CC(2) 
SIQSl(L,M7).CC(3) 
IF(L.LT,NGR) S T R 1 ( L . M 7 ) ' C C ( 4 ) 
VUSIG(L,M7).CC(5) 
CC(I).0,0 
CC(2)'0,0 
CC(3),0,0 
CC(4).o,0 

1014 CC(5)'0,0 
DO 1029 MS'l.NQR 

1029 VlNV(M8,M7).VlNV(M8,Mlo) 
IF(CC(6))1026.1025,1 26 

1026 CC(6),0,0 
DO 1024 M8.i,N0R 

1024 CHI(M8.M7).CHI(M8.M9) • 
1025 M5,I 

M4=I*I 
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19 CONTINUE 
IF(NDSl 50,50,1016 

1016 M5,1 
M4,2 
DO 1020 I'2,NM1X 
If (I.NMIX) 200,1201.200 

1201 M6 . NMIX 
00 TO 202 

200 IF(CONC( 1) )1020,1017 n2o 

1017 H6'I"1 
202 DO 19 L'1.234 

DO 1018 J,M4,M6 
K.MIX(J) 

1018 CC(6J'CC(6)*STR(L,K).C0Ne(J) 
M 7 ' M I X { M 5 ) 

STR(L,M7),CC(6) 
l' CC{4).o.o 

M5'I 
M4.I.1 

1020 CONTINUE 
50 RETURN 

501 FQRMAT(47H MIXING vbCTOR MUST HAVE AT LEAST TWO FLEMENTS ) 
502 F0RMAT(35H INCONSISTENT CONCENTRATION VECTOR ) 
2S? fORMAT(51H MATERIAL NUMBER GREATER THAN 25 IN MIXTURE VECTOR 
506 F0RMAT(29H ELEMENTS REQUESTED FROM TAPE,53X.15HMATERI At NUMBE 

END 
SUBROUTINE SCHECK 
COMMON/Al/LL (25 0),E( 17435), CC(6),NN( 21 ),N(R,LC,NA,NOF.Lf,NAr, I 

IK.L.M, Jl, J2, J3. J4. JS,MI,M2,M3.M4'.M5.M6,M7,S0ME.SUM.AJ.9I,S2,V 
2 L Q 0 , N C E , A N , I T , X P T ( 1 9 '),IDIM,luDlM,ILDIM,MPI,fIQMI,E1QEN.EIGEK 
3EN2,NEXT,K3,MM9,1 I I,MM4,Kl.K2.NCTR,P0wR2(189),P0wR3(189), SCI^ 
4),XK(3),VX(3),TIM£Bto,OUTCON,SEABCON,£lGM3.ScFLUX(H0,26l. I J" 
5 E M 1 , M A T N O ( 2 0 > , I S E T . P R O R T ( 1 2 ) . I S A V F ' E L O ' ' E R ( 2 7 ) 

DIMENSION II(40).MIR(4T),DELR(40),POWR1(189).EMU(22),ALPHA(2', 
lDELTA(22,26).SVM(i8».26).S10T(?n,25),SIGS(26.25).SlGSi(?6.29l 
2G(26,25).CH1(26,25).STR(234.25).STRl<25.25)•vlNV(26.25),LMGP< 
3LHREG(6),CONC(40),MJX(40),MTIX(20),NTMlX(20>,OAMMAdO 2 26),k 
4 2 6 . 2 5 ) . B E T A ( 2 , 2 4 ) , L R A T E ( 2 9 ) 

EOUIVALENCE(LL<1'.MAX>.(LL(2).JMAX'.(LL(3),NQR).(LL'4).N)'(LL 
INDS),(LL(6),NPS),(LL(7),NOT),(LL(8),ITOUT),(IL(9),LC0),,LL{18 
2 ) , ( L L ( 1 1 ) , L P G ) , ( L L ( 1 2 ) . I D P ) , ( L L ( I 3 ) . M U T E S T ) , ( L L ( 1 4 ) . J S P ) , ( L L I 
3 M I X > , ( L L ( 1 6 ) , M M 1 X ) , ( L L ( 1 7 ) , K R E G ) . ( L L < 1 8 ) . N S 0 S ) . ( L L ( 1 9 ) , N F 0 S ) < 
4 2 0 ) , K I T 1 ) , ( L L ( 2 1 ) , I 8 U K ) , ( L L ( 2 ? ) , M A D J ) , ( L L ( 2 3 ) , M F R ) , ( L L ( 2 4 ) . t c 
5(25), lExOP), (LL(26). I I). ( L L ( 6 6 ) . M I R ) , ( L L ( I O 6 ) . M I X ) , (LL(I46)<'' 
6{LL(166).NTMIX).(LL<186).NHGP).(LL'187).NHRE8).<LL(188>.LHRB' 
7(LL(198),LHGP),(LL(Z24),LFREG),(LL(225),NRATE),(LL(226).LRATE 

E O U I V A L E N C E ( L L ( 2 2 0 ) . N F R E Q ) . ( E ( I ) , E P S 1 ) , ( E ( 2 ) , E P S ? ) , ( E ( 3 ) , E P S 3 
1 4 > . F A C I < ( E ( 5 ) . T H E T A ) . ( F ( 6 ) . S E N ) . ( E ' 7 ) . S G E S ) ' ( E ( 8 ) . R B ) . ( £ ( 9 ) > ' 
2E(10),DELR),(fc(5O),siQT),(E(700),SIGS),(E(1350),SIQS1).{E(20^ 
3SIG),(E(265O).CHI),(E(330 0).STR),(E(9i5o).STRI),(E(9779),vINK 

410425),ALPHA), (£(10477). BETA). (Ed0529).3AMM A). (E(11049), DEL' 
5(11621),EMU).(E(11643).CONC),(E(11683),POwRl),(E(1187?).BuCKI 
612522).SVM) 
DIMENSION ALL(700) 
C O M M O N / 2 / I L L ( 7 0 0 ) , I R E C N O ( 2 0 ) . N I G ( 2 0 ) , N E G { 2 0 ) 
BANK(1 ),LINKi,/Ai/,SEARCH,SCHECK 
C 0 M M O N / A 2 / E E ( 1 3 0 0 ) 

DIMENSION SIGFIS(26,25),SIGF1V(65:),SIGCAP(26,25).SIQCAV(650I 
EQUIVALENCE (EEd),bIGFIV,SIGFIS),(EE(651).SIQCAV,SIOCAR) 
BANK(0),/2/,/A2/,INPR.MlxX 
EQUIVALENCE (ILL(1).ALL(1)) 

39 S2.0.0 

.J. 
OL, 
l.EIQ 
90,26 
1> 

26), 

,vusi 
26). 
UCK( 

(5), 
),MIK 
15),N 

(LL( 
).(LL 
TIX), 
), 
) 
),(E( 
IN).( 
0),VU 
).(E( 

A),(e 

.(£( 
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M2=MAX.JMAX.l 
C IS THERE FIXED SOURCE INPUT 

DO 1 I'l.NQR 
DO 1 J'l.M? 
I F ( S V M ( J . I ) ) 6.1.6 

1 CONTINUE .,,_,,, 
0 IF NOT, IS THERE BOUNDARY SOURCE INPUT 

DO 2 I'l.NQR 
DO 2 J'l.2 
DO 2 K.l,10 
IF(QAMMA(K,J,1)) 6,2,6 

2 CONTINUE 
C IF,NEITHER, IS THERE FIXED BOUNDARY FLUX 

DO 3 I.l,NGR 
DO 3 K'l.jl 
If(DELT*(K,I)) 6,3,6 

3 CONTINUE 
C NO SOURCES PRESENT. CHECK IF THE^ ARE NECESSARY 
C ITOUT IS SET TO 5o UNLESS READ OVER 

IF(ITOUT) 4,4,5 
C THEY ARE, ERROR INDICATION 

4 PRINT 500 
NCE'l 
RETURN 

C THEY ARE NOT. CHECK FOR FISSION CROSS SECTION 
C S2.1 IMPLIES NO SOURCES,S2=o IMPLIES THERE ARE SOURcBS 

5 S2»l. 
6 DO 7 I.1,JMAX 

K ' M l R d ) 
Kl'K 
DO 7 J'l,NGR 
IF(VUSIG(J,K)) 7,7,11 

7 CONTINUE 
C NO FISSION CROSS SECTIONS. CHECK IF NEEDED 

IF(S2) 9,9,8 
C THEY ARE, ERROR INDICATION 

8 PRINT 501 
NCS'l 

C T H E Y * RE N O T , RETURN 
9 ITOUT.0 

RETURN 
C THERE ARE FISSION X-SECTS AND OUTER ITERATIONS ARE NEEDED 
C CHECK FOR NON.ZERO GHl.S 

10 DO 50 I'l,JMAX 
K'MIR(I) 
DO 41 J.l.NQR 
IF(VUS1Q(J,K))41,41.42 

41 CONTINUE 
DO 43 J.l.NGR 

43 CHI(J,K)=o.O 
GO TO 50 

42 DO 40 J.l.NOR 
IF(CHI(J,K))40.40,50 

40 CONTINUE 
47 DO 48 J.l.NGR 
48 CHl(J,K).CHI(J,Kl) 

DO 49 J'l,NGR 
lF(CHI(J,Ki))49,49,S'j 

49 CONTINUE 
PRINT 502 * 
NCE.l 
RETURN 



50 

51 

11 

12 

600 

14 

15 

101 

16 

17 

18 

19 
20 

21 

23 

24 

102 

100 

99 

301 

37 
25 
27 

28 

CONTINUE 
IS NSRMALIZATION R E U U I R E D 

IF(S2) 11 11,15 
S2.0, THFftE ARE SOURCES AND NO NORHALI ZATI ON IS RE(3UIRED 
CHECK TO DETERMINE IF PREVIOUS SOURCE IS AVAILABLE AND OESIRED 
PREVIOUS INCLUDES INPUT GUESS 
IF(LPG) 14,12,14 
NO QUESS AVAILABLE, START WITH ZERO GUESS 
M2.MAX.JMAX.1 
DO 600 1'1,M2 
POWRl(1).0.0 
GUESS AVAILABLE, USE IT 
RETURN 
NORMALIZATION REOUIR£D.HOMOGENEOUS CASE 
CALCULATE FISSIONABLE VOLUME 
VOL'0,0 
DO 21 I'l,JMAX 
K'MIRII ) 
DO 16 Jsl,NGR 
IF(VUSIG(J,K)) 16,16.17 
CONTINUE 
QO TO 21 
M7.Ild) 
I f d ' D I8,l8,i9 
M6'1 
GO TO 20 
M6'I1(1.1) 
IFdG.EQ.i) VO L ' V O L * X P T ( M 7 ) . X P T ( M 6 > 
IF(IG,B0,.l)v0L'V0L*XPT(M7).Xpy(M6) 
IfdG,EQ.3) VOL.VOL*(XPT(M7)».S.XPT(M6).»3)*4.1887902 
IF(IG,EQ,.3) V0L«VOL.(XPT(M7)..3,xPT(M6).»3).4.l88790? 
CONTINUE 
NOW NORMALIZE THE POWER TO TOTAL INTEGRAL OF FAC 
IS QUESS FROM PREVIOUS CASE AVAILABLE (PREVIOUS INCLUDES INPLT) 
IF(LPG) 29,29,24 
YES,INTEGRATE OVER THIS REACTOR 
SUM.0,0 
M7.1 , 
USE OLD SHAPE OVER NEW FISSIONABLE VOLUME ONLY 
DO 25 1,1,JMAX 
M6'MIR(1 ) 
DO 100 M'l,NGR 
IFIVUSIG(M,M6)) 100,100,99 
CONTINUE 
GO To 25 
L'IKD.l 
DO 37 J.M7,L 
K'I*J-1 
IF((IG.E0,3).0R.(IG.EQ.-3))G0 TO 301 
EMI..5.DELR(I) 
EM2.EM1 
GO TO 37 
E M 1 , D E L R ( 1 ) . ( X P T ( J . I ) . X P T ( J . 1 ) . 2 . . X P T ( J . 1 ) . X P T ( J ) * 3 . * X P T ( J ) * > P T ( J ) 

>*l'04'l»'* 
EMj.DELRd )*(3..Xpx(j.l)*XpT(j.l).2..XPT(J.l)*XPT(J)*XPT«J'«*PT<Jl 
.).1,0471976 
S U M . S U M * E M I . P 0 W R I ( K ) . E M 2 * P 0 H R I ( K * I ) 
M7.11d ) 
M2.MAX.JMAX.1 
DO 28 1.1,M2 
P0WR1(1)«(P0WR1(I)/SUM).FAC 
NO PREVIOUS GUESS, ESTABLISH A FLAT QuESS 
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RETURN 
29 00 36 1.1,JMAX 

START WITH FLAT GUESS OVER 
103 DO 30 J.l.NGR 

K.MIR(I) 
IF (VUSIG(J,K)) 30,31.31 

30 CONTINUE 
00 TO 36 

31 IF(I-I) 32,32,33 
32 M6»l 

GO TO 34 
33 M6.II(I.l).1-1 
34 M7,11(1).1-1 

DO 35 L'M6.M7 
35 POWRl(L)'F*C/VOL 
36 CONTINUE 

RETURN 
500 F0RMAT(39H ERROR,NO SOURCE 
501 F0RMAT(34H ERROR, ALL FISS 
502 F 0 R M A T ( 2 3 H ERROR.NO N O N - Z E 

END 
.......................OVERLAY 

PROGRAM LINK 2 
C O M M O N / A l / L L ( 2 5 0 ) . E ( l 7 4 3 5 ) 

1 K , L . M , J 1 , J 2 , J 3 , J 4 , J 9 , M 1 , M 2 
2 L G 0 , N C E , A N , I T , X P T ( i S i i ) , l D l 
3 E N 2 , N E X T . K 3 , M M 5 , I I I . M M 4 . K 1 
4 ) , X K ( 3 ) , V X ( 3 ) , T I M E B f c G . 0 U T C 
5 E M l , M A T N O ( 2 0 ) , I S E T . P R O B T d 
DIMENSION I I(40).MIR(4n).D 

1DELTA(22,26),SVM(169,26).S 
2Q(26,29),CHI(26,25),STR(23 
3 L H R E G ( 6 ) . C O N C ( 4 0 ) , M I X ( 4 0 ) 
426,25),BETA(2,26),LRATE(?5 
EQUIVALENCE(LL(i),MAX),(LL 

1 N D S ) I ( L L < 6 ) . N P S ) . ( L L ( 7 ) . N O 
2),(LL(11),LPG),(LL(12).IDP 
3MIX),(LL(16).MMIX),(LL(17) 
420).KITl).(LL(21).iauK).(L 
5(25).1EX0P),(LL(26),II),(L 
6(LL(166),NTMIX),(LL(l86).N 
7(LL(198).LHGP).(LL(224).LF 
E Q U 1 V A L E N C E ( L L ( 2 2 0 ) , N F R E O ) 

14),FAC),(£(5),THETA),(F(6) 
2£(10),DELR).(E(50),SIGT).( 
3sIG),(E(2650),OHl),(E(3300 
410425).ALPHA),(£(10477).RE 
5(11621),EMU).(£(11643).CON 
612522),SVM) 
COMMON/2/XL(6000) 
C 0 M M 0 N / A 2 / S B ( 2 2 , 2 6 ) , A L 7 ( 2 2 

1 , Q 1 Z ( 2 2 ) , Q 1 ( 2 2 , 9 ) , W ( H , 1 2 ) 
I P 2 ( l l , 9 ) , A L l ( 2 2 , 9 ) , A L 2 ( 2 2 , 
3 L M A X . A ( 1 1 , 2 2 ) . 6 ( 2 . 1 1 . ? 2 ) . 
C0MM0N/A3/Dl(242),DM(4fl4) 
BANK(0),/2/,/*2/.OPlNT,LlN 
BANK(1)./A1/ 
REWIND 2 
REWIND 8 
Pl.3.14159265 
LMAx.9 
IJHiJMAx 

ALL FISSIONABLE RfOlONS 

IN iNHOMoGENEOuS CASE ) 
ION X.SECTS ZERO ) 
RO CHI ) 

CC(6) 
M3.M4 

M.IUDI 
KJ.NC 

ON,SEA 
2).ISA 
ELR(4n 
IGT(26 
4,?5). 
MTIX(? 
) 
(2),JM 
T).(LL 
)•(! L( 
.KREG) 
L(2?). 
L(66), 
HGP) , ( 
REG). ( 
.(E(l) 
.SEN), 
E(700) 
),STR) 
TA).(E 
C),(E( 

, N N ( 2 1 ) . > < R , L C , N A . N 0 F . L F , N A F , I , J , 
, M 5 , M 6 . M 7 . S O M E . S U M . A J , S 5 . S 2 . ^ 0 L , 
M,ILDIM,NPI,FIQM1,EI0EN,EIGE l.EIQ 
TR.P0wR2(189),POUR3(189),sCd50,26 
RC0N,ElGM3,ScFLUX(150,26).IJ"!, 
VE.EL0WER(27) 
),P0WRl(189),EMU(22).ALPHA(2i26). 
.25),SIGS(26.25),SIGS1(26,25|,VUS1 
STRl(25,25)<VINV(2»,29).LHGP(26), 
Q ) , N T M I X ( 2 C ) . Q A M M A ( 1 0 . 2 , 2 6 ) , ° U C K ( 

AX),(LL 
(8).IT0 
i3),MuT 
'. (LL(18 
M A D J ) . ( 
M!R),(L 
LL(i87) 
L L ( 2 2 5 ) 
.EPSl), 
(E(7),S 
,SlGS), 
,(£(915 
(10529) 
1)683), 

(3) .f̂ BR 
U T ) . ( L L 
EST),(L 
).NSOs) 
LL(23). 
L(106), 
. M H R E Q ) 
.NRATE) 
(E(2),E 
G E S ) . ( E 
(E(l350 
0 ) , S T R 1 
. Q A M M A ) 
PDWRl). 

).(LL(4) 
(9).LC0) 
L{14).JS 
.(LL(l9) 
MFR).(LL 
MlX).(LL 
. (LL(i88 
.(LL(226 
PS2).(E( 
(8).RR). 
).S1QS1) 
).(E(977 
.(E(li04 
(6(1187? 

.Nl , ( 

.(LL< 
P).(L 
,NFOS 
(?4) . 
(146) 
).LHR 
).LRA 
3),EP 
(ei9) 
,(£(2 
5).VI 
9).DE 
).BuC 

LL(5). 
10),MIK 
LI15),N 
)•(LL( 
I1').(LL 
,'TIX), 
B"), 
TE» 
Sl),(E( 
.»|N),( 
OtOl.Vu 
NM.(E( 
LA),(E 
Kl>(E( 

).U(27).V(22).^U(2?).A0Z(22)»AQ(22i3.22) 
.Pl(ll'.9), 
9).7(22),SMSC(22,2?). 
C(11,?2),D(11.22).UA{6000) 

K?,AL0S,/A3/.SETUP.AOSJL 



him 
JMAX'IJI 
If ((IG,EO,3),0R,(IU.eQ..3)) jMAX'JMAx.l 
If(N0T.LT,9)G0 TO 3 
If(MADJ.LE.O)GO TO 3 
DO 16 1.1,IJM 
DO 10 J'l,NQR 
K"MIR(! ) 
If(VUSlG(J,K))10,10,ll 

10 CONTINUE 
QQ TO 16 

11 If(1-1)12,12,13 
12 M4.1 

QO TO 14 
13 M6.II( l.lj.I-l 
14 M7,II(l).l.i 

DO 15 L'M6,M7 

19 POWRl(L)«fAC/VOL 
16 CONTINUE 
3 1F(IQ)115,116,116 

115 PRINT 506 
906 F0RMAT(/14H POWRl, LINK 2) 

J'MAX.lJM.i 
PRINT 902, (POHRK 1 ), [.1. J) 

116 IF((1G.E0,3).0R,(IG.EQ.-3))G0 TO 103 
DO 100 J'l.JMAX 

100 U(J)=£MU(J) 
QO TO 105 

103 DO 104 J.1,J2 
M6.JMAX.J.1 
U<J)'EMU(J> 

104 U(M6)'EMU(M6-1) 
105 CALL OPINT 

CALL ALQS 
DO 101 J.1,JMAX 
DO 101 L'l.LMAX 

101 Ql(j.L>'Ol(j.L)/OlZ(j) 
LMAX'2 
CALL AOSJL 
PIF.4,.PI 
PIFI'l./PIF 
00 102 J'I.JMAX 

AQZ(J)'ALZ(J)..5 
DO 102 JA.l.JMAX 
DO 102 L'l.LMAX 
EL'L 

102 AQ(JA,L,J)'AQ(JA.L.J)*(2.»EL.1.)*.5 
JMAX'IJM 
Jl'Ul 
J3'J2-1 
CALL SETUP 
IDIM'O 
DO 800 J'l.Jl 

800 IDIM'IDIM.J 
ICR.l 
IF(MFR.GT,0) ICR.2 
IUDIM. ID IM. ICR*J1 .J2 
IK.J2 
IF (XABSF( IG) .E0 ,3 ) IK .J3 
I L D l M . J l . J l - I D I M . l C R . J l . I K 
M 9 ' I U D I M * ( M A X . 1 ) . I D I M 
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IF(MFR.GT,0)M9.M9-J2.J? 
MlO.IUDIM.MAX 
|F(M9,LE,3000)K2=1 
IF(M9,GT.30O0)K2'(Ml"''3OO0).l 

106 K1.MAX/K2 
IF{MAX.Kl.K2.GT,l)Kl.Kl.l 
IF(K1.IUDIM,LE.3000) QO TO 107 
K2.K2.1 
QO TO 106 

107 NN(1)'K1 
NN(2).K2 
NN(3).Ki.ILDIM 
N N ( 5 ) ' ( M A X . 1 ) . I U D I M - K 1 * I U D I M * ( K 2 . 1 ' * I D ! M - ( I C R - 1 ) * J 2 * J ? 
lF(K2,E0,l)NN(3),NN(3).lCR.ji.lK 

100* N N ( 4 ) . ( M A X - K I . ( K 2 . I ) ) * I L D I M . J I . I K . I C R 
N N < 6 ) ' K 1 * 1 U D I M 

1003 PRINT 509,K1,K2 N N ( 3 ) , N N ( 5 ) , N N ( 4 ) , N N ( 6 ) 
509 F0RMAT(24H NO, OF POINTS PER READ ' ^t^is** NO. OF REAnS • I4/43H 

1 NO. OF LOWER AND UPPER WORDS FIRST READ 'I6.4H A N D I 6 / 4 2 H l^0• Of 
2 L O W E R AND UPPER WORDS LAST READ =16,4H AND 16) 
lF((NOT.GE,5).AND.(MADj.GT.o))3i',2 

31 CALL SEGMENT(2.3.29) 
GO TO 112 

2 IF((IG.EQ,3).0R,dG.EQ.-3)) 00 TO 20 
CALL SEGMENT(2.1.29) 
GO To 21 

20 CALL SEGMENT(2,2.29) 
21 CONTINUE 

IFdG.GT.O) GO TO 112 
117 PRINT 507 
507 F0RMAT(/14H SB, ALZ. U, V) 

PRINT 502,((SB(I,J),1,1.Jl),J.l.NGR) 
PRINT 502,(ALZ(I).I'l,jl) 
PRINT 502,(U(I),1=1,Jl) 
PRINT 502,(V(I),Isl,Jl) 

112 IF (UNIT.2) 112.113 
113 IF (UNIT,8) 113,114 
114 REWIND 2 

REWIND 8 
RETURN 

500 FORMAT (4(9x,£13.5)) 
501 F0RMAT(//33H CHECKOUT-ANGULAR OATA-U.V,Z.WU ) 
502 FORMAT (6(5x,£13 .5 ) ) 
503 F0RMAT(///35H MATRIX ELEMENTS -A'.B.C.D I . I . N Q R ) 
504 F0RMAT(///37H UPPER DIAGONAL PLUS FACTORED M A T R I X ) 
905 FORMAT(5x<100dH*)) 

END LINK 2 
SUBROUTINE OPINT 
COMMON/Al/LL(250).Ed7435).CC(6);NN(2i),NR,LC.NA.NOF.Lr,NAF,l,J, 

lK,L,M,Ji.j2,j3,j4,js,m,M2,M3.M4,M5,M6,M7,s0ME.SUM.AJ,Si,S2,V0L. 
3FS§*NPy;*l;!i'M:!!''IlP'i''""^'"J'"^-"-DIM.NPi,FIQMl,BlOEN.EIGEM.EIQ 
JEN2,N£XT,K3,MM5,III,MM4,K1,K2,NCTR.POWR2(189,,POWR3(189),SC<JSO,26 
4 ) , X K ( 3 ) , V X ( 3 ) , T I M E B B Q , O U T C O N . S E A R C 0 N , E I G M 3 . S C F L U X ( 1 5 0 , 2 « I , I J * 1 , 
5 E M 1 , M A T N O ( 2 0 ) . I S E T . P R Q R T ( 1 2 ) . I S A V F . E L O W E R ( 2 7 ) '""'"< ̂ ' ° ' ' * ' ' ' " ^ 1' 

DIMENSION II(40),MIH(41),DELR(40),POWR1(189),EMU(22),ALPHA(2'.26), 
?r,ir«?'?u,';!ri^^^'^*''^"'^'^*''?*''S"5S(26.25),SlGSl(76,25f,VUSI 
iPipcr?* 'r^,^?5;?*';^^'""*'"'-r''l'25-25 ).VINV(26. 25 >.LHGP<26), 
OLHR£0(6),CONC(40),MlX(40),MTIX(?0).NTMlX(20),QAMMAdO,2,26);eUCK( 
426,25),BETA(2,26),LRATE(?5) 

EQUIVALENCE(LL(1),MAX).(uu(2).JMAX),(LL(3),N0R).(LL(4).N>.(LL(5), 
2^ H'I'M ^I'l'ir^^!,',"-'-'^''''"'•'Ll-(8), ITOUT), (LL( 9 ) , LCD), ( L L ( 1 ) , MIK 
^),(LL(ll),LPG),(LL(12),IDP).{LL(i3),MuTEST),(LL(14).JSP).(LL115).N 
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4?i^'j t^^^'r'^S '"•i'-b(17).KREG).(LL(l8).NS0s).(LLd9). 
420),KITl),(LL(2i),lSuK),(LL(2?),H4Dj),(LL(23,,MFa),,LL( 
5(25).IEX0P),(LL(26).II),(LL(66),M1R),(LL(106),MIX).(LL( 
6(l,L(166).NTMIX)i (LL< 186). NHGP). (Ll' 187 ) . ̂ HREG ) • (LL(l88) 
7(LL(198),LHGP), ( L L ( 2 2 4 ) , L F B E 0 ) , ( L L ( 2 2 5 ) . ' < R A T F ) . (LL(?26) 
EQUIVALENCE(LL(220).NFR£G).(E(I),EPSl),(E(2).EPS2).(E(3 

1 4 ) . F A C ) , ( £ ( 5 ) , T H £ T A ) . ( F ( 6 ) , S E M ) , ( E < 7 ) . S G 5 S ) . ( E ( 8 ) . R R ) , ( 
2E(10),DELR),(E(50),SIQT),(E(700),SiGS),(E(1350).SlQsl), 
3 S I G ) , ( E ( 2 6 5 0 ) , C H I ) , ( E ( 3 3 , O ) . S T R ) , ( E ( 9 I 5 O ) , S T R I ) . ( £ ( 9 7 7 9 
410425).ALPHA ).(£(10477),8ETA).(f(10529).GAMMA).<E(11049 
5(11621),EMU).(E(11643).CONC).(E(11683),p3wRl),(£(1187?) 
912522).SVM) 

COMMON''2/XL'6000) 
COMM0N/A?/SH(22,26),AL7(22),U(22),V(22),.^U(2?).AOZ(?2), 

l,QlZ(22),Ql(22,9),w(il.l?),Pi(11,9), 
IP2(11,9),AL1(22,9),AL2(2?,9),7(?2),SMSC(22,2?). 
3 L M A X , A ( 1 1 , 2 2 ) , B ( 2 , 1 1 , 2 2 ) , C ( 1 1 , ? 2 ) , D ( 1 1 , 2 2 ) , U A ( 6 0 0 0 ) 
B A N K ( 0 ) , / 2 / , / A 2 / , O P I N T , L I N K 2 , A L O S , / A 3 / , S E T U P . A O S J L 
BANK(1),/A1/ 
J'l 

618 IF(J-J2) 619.619,627 
6i9 MM.2 
620 W (j.l).U(J) 
621 W(J,MM).W(J,MM-l).u(J) 
622 IF(MM.i2) 623,629,629 
623 MM=MM*1 
624 GO TO 621 
625 J.J.I 
626 GO TO 618 
627 J.l 
628 1F(J-J2) 629,633.63J 
629 DO 630 MM.1,12 
830 W(J,MM).W(J.l,MM).w(J.MM) 
631 J.J.I 
632 QO TO 628 
633 1F(LMAX)42,42,30 
30 J.2 

•0.5.W(j,2) % 
iW(J,3)/3.0 
•1)41.41,32 
i(W(J,3).W(J,l))/?.o 
p(3.0.W(j,4)-2.a.w(j.2))/8.0 
•2)41,41,33 
'(5.0«w(j.4)-6.i*w(j.2))/e'0 
i(W(J,5).W(J,3))/2.0 
•3)41.41,34 
'(7,O.W(j,5)-lO.O.W(j,3).s.O»W(j,l))/fl.o 
i(35,0.w(J,6).45.0.W(J,4)*9,0.w(J.2))/48.0 
•4)41.41,35 
•(21,3.W(J.6)-35.0.W(J.4)*l5.0.W(j.2))/16.0 
>(9,O.W(J,7)-14.0,W(J,5).5.0.W(J.3))/8.0 
•5)41.41,36 
'(33,5.g(J.7)-63.0.w(J.5)«35.0.w(J.3)-5.]*wtj.ll 
>(231,0.W(J.8).420,O*W(J,6).210,0.W(J.4)-20.O*W( 

NFOS),(LL( 
74).t8),(LL 
146). TIX), 
.LHR6C), 
.LRATt) 
),EP3J),(E( 
F(9).'IN),( 
(E(20tO),Vu 
1,V1NV),(£( 
).DELTA),(£ 
.BuCK),(E( 

A0(22,3,22) 

31 P1(J,1) 
P2(J,1) 
IF(LMAX 

32 P1(J,2) 
P2(J,2) 
IF(LMAx 

33 Pl<j,3) 
P2(J,3) 
IF(LMAX 

34 pl(j,4) 
P2(J,4) 
IF(LMAX 

35 Pl(j,5) 
P2(J,5) 
IF(LMAX 

36 pl(j,6) 
P2(J,6) 
IF(LMAx 

37 pl{j,7) 
P2(J,7) 
IF(LMAX 

38 P1(J,8) 
1,1))/12 
P2(J,8) 

1W(J.2)) 

6)41.41,37 
(429,.w(J.8)-9 24..w(J.6)»63o..W(J.4)-140..w(J.2 
(l43..W(J,9)-297..w(J.7).l89..W(J,5).39..w(J,3) 
7)41,41,38 
(715..W(J.9)-l71»..w(j,7).1386..i^(J.5)-4?0,.H(J 

(l287,.w(J,lo)-3003.*H(j', 8).2S10..W(J.6).63 0..W 
256, 

)/16,« 
J,2)»|128.0 

))/i2e. 

1/48, 

.3).3!.*W(J 

(J,4>«35,* 
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39 ^i'(b'^9');^243l!iwU.10)-«435..W(j'.e).6o06..W(J.6)-23lO.«W<J.4)*3l5. 

^p2!j!9jl(1105,,w(J.ll).2860,.w(J-.9).2574..g(J,7).924..H(J.5)1105,* 

1W(J,3))/128. 
41 J'J.l 

1F(J.J2)31,42,42 
42 Pl(l.l)'-.5 

pl(1.2)'0,0 
Pl(l,3).,l25 

Pl(l,4)'0.0 
pl(l,5)'-,0625 
Pl(l,6).0,0 
Pl(1.7).5,/128. 
Pl(1.8)'0,0 
Pl(l,9),.7./256, 
Pl(l,10)=0i0 
p2(l,l)'l./3. 
P2(1,2).-,1Z5 
P2(l,3)'0,0 
p2(l.4)'l./48. 
p2(l,5).0,0 
P2(l.*)'-l.'128. 
P2(1.7)'0.0 
p2(l,8)=l,/256. 
P2(l,9)'0,0 
DO 44 L'l.LMAX 
J.2 

43 Pl(l,L).Pl(l,L).Pl(J,L) 
P2(1.L)'P2(1.L)-P2(J,L) 
J.J.I 
1F(J.J2) 43,44,44 

44 CONTINUE 
RETURN 
END 
SUBROUTINE SETUP 
COMMON/A1/LL(250),£(17435),CC (6)'NN(2l), MR, Lc, NA.NOF,LF,NAF,1,J, 

1K,L,M,JI.J2,J3.J4,J3.MI,M2.M3.M4,M5,M6,M7,SOME,SUM,AJ.SI,S2,'0L, 
2LQ0.NCE,AN.IT.XPT(19 i) , I 0 I M . I U D I M . I L D I M . N P I . F I G M 1 . E ! Q F N , E I Q E M » E 1 G 
3EN2,NEXT,K3,MM5.111,MM4 . Kl. K2 , NCTR, P0HR2(1S9).p0wR3(189),SC(150,26 
4),XK{3),VX(3).TIMEBBG,0UTCON,S£ARC0N,EIGM3,SCFLUX(150.26).IJ''1. 
5EMl,MATN0(20).ISET.PR0BTd2).ISAVE.EL0W£R(27) 
DIMENSION II(40),MIH(4O),DELR(40).POWR1(189).EMU(22).ALPHA(2', 26), 

1DELTA(22,26).SVM(18».26)'. SIGT(26.25).SlGS(26,25).SlG8i(?6.?5),VUSI 
2G(26,25),CHI(26.25).sTR(234.?5).STRl(25.25),vlNV(26.25>,LHGP<26), 
3LHREG(6),CONC(40),Mlx(40),MTIX(?0),NTMlX(20).OAMMA(10,2,26),!UCK( 
426.25).BETA(2,26),LHATE(25) 
EQU1VALENCE(LL(1).MAX),(LL(2).JMAX).(LL(3),NGR).(LL(4).N).(LL(5), 
1NDS),(LL(6),NPS),(LL(7).N0T). ( LL ( B), I TOUT),(LL(9),LCO),(LL(1 • ). M 1 K 
2),(LL(11).LPG).(LL(12).IDP).(IL(13).MUT£ST).(LL(14).JSP).(LL(15),N 
3MIX).(LL(16).MM1X),(LL(17).KRFG).(IL(18).NS0S).(LL(19)>NFOS>>(LL( 
420).K1T1),(LL(21),1HUK),(LL(??).MADJ), (LL(23),MFR),(LL(?4),tC),(LL 
5(25),IEX0P), (LL(26). II). (LL(66).MIR), (LL(106),MIX). (LL(i46),''TIX), 
6(LL(166).NTMIX).(LL<186).NHGP).(LL<187).VIHREG). (LL(188) .LHREC). 
7(LL(198).LHGP).(LL(Z24).LFREG). (LL(225).MRATF).(LL(226).LRATt) 
EQUI VALENCE (LL(22n),NFR£Q), (Ed)',EPSl). (E(2).6PS?), (E(3).EPS3). (£( 

1 4 ) , F A C ) . ( E ( 5 ) . T H E T A ) . ( E ( 6 ) . S E N ) . ( F ' 7 ) . S G E S ) ' ( E ( 8 ) . R R > . ( E < 9 ) . M N ) I ( 
2 E ( 1 0 ) , DELR), (E(5J).SlQT)',(E(7f)0).SlQS), (5(135 0),SlQsl).(E(20t0),Vu 
3SIG),(E(2650).CHI).(E(33jo).STR), ( E(9150).STpi).(£(97781,V INV ),(E{ 
410425), ALPHA ),(£( 10477 ).9ETA).(Fd 0529 ).QAMMA), (E (11 049 ), PELT A ). (£ 
5(11621),EMU).(£(11643), CONC). ( E (11 683). POwRl).(E(1187?).BuCKI,(E( 
*12522).SVM) 



COMMON/2/XL(6000) 
e0MM0N/A2/S§(22.26),AL7(22).U(2?).V(22).Wu(2?).A0Z(?2).A0(22. 

1.0lZ(22),01(22,9),w(ii,l?),Pi(ii',9). 
IP2 1 1 , 9 ) , A L 1 ( 2 2 , 9 ) , A L 2 ( 2 2 , 9 ) , 7 ( ? 2 ) . S M S C ( 2 2 . 2 ? ) . 

Bii!!',*!^^ 2 2 ) , B ( 2 , 1 1 , 2 2 ) , C ( 1 1 , 2 2 ) , D ( 1 1 , 2 2 ) , U A ( 6 0 0 0 ) 
B A N K ( 0 ) , / ? / , / A ? / , D P I N T . L I N K 2 . A L O S , / A S / . S E T U P . A Q S J L 
B A N K ( I ) . / A I / 
THIS SUBROUTINE MANUFACTURES ANGuL*R DATA FOR THE M A T R I X 
COEFFICIENT CALCULATION 
K2.J2 

IF((lQ.£Q,3).0R,(lG.EQ.-3)) K,.J, 
Z(1)'0. ^ 
U t D ' - l . 
U(J1>'-1, 
wu(i).i, 
WU(Jl)'i. 
DO 4 J'2.K2 
U(J)'EMU(J)/3,.EMu(J-l)/6. 
V(J)'EMU(J)/ft,.EMu(J-i)/,. 
WU'J1».5 
Z(J)'(3,.EMU(J).EMii(J)-EMU(J).EMU(J.l).EHu(J-l).FMU(J.l))/(3i 

Iv ) ) 
IFdlG.EQ.S) .0R.(lG.EQ.-3) ) Oo TO 4 
Ml.Jl.J.l 
U(Ml).U(J) 
V(M1).V(J) 
WU(M1)',5 

5 Z(M1).Z(J) 
4 CONTINUE 

RETURN 
END 
SUBROUTINE ALQS 
COMMON/Al/LL(250).E(17439).CC(6),NN(21).NR.LC.NA.NOF.Lf.NAF,! 

I K , L . M , J 1 . J 2 , J 3 . J 4 . J » , M I . M 2 . M 3 . M 4 , M 5 . M 4 . M 7 . S 0 M E . S U M . A J . S I . S ? , » 
2 L G 0 » N C E . A N . I T . X P T ( 1 9 ).IDlM.IiiDIM.lLDlM.Mpi,FIGMl.ElOEN,ElGE'> 
3 E N 2 , N E X T , K 3 , M M 5 , I I I . M M 4 , K 1 , K 2 . N C T R , P O W R 2 ( 1 8 9 , , P O W R 3 ( 1 8 9 ) , S C ( 1 

4),XK(3),VX(3),TIMEefcG,OUTCON,SEARCON,ElGH3,ScFLUX(i50.2»).IJI" 
5 E M 1 , M A T N O ( 2 0 ) , I S E T , P R O R T ( 1 2 ) . I S A V E < E L O H & R ( 2 7 ) 
DIMENSION II ( 4 0 ) , M I R ( 4 I 1 ) ^ D E L R ( 4 0 I , P O W R 1 ( 1 8 9 ) , E M U ( 2 2 ) . A L P H A ( 2 - , 

lDELTA(22,2j).SVM(i89,2j).SlGT(2s.?5).SlGS(26.25).SlGS,(,6.25' 
2 G ( 2 6 , 2 5 T , C M I ( 2 6 , 2 B ) . S T R ( ? 3 4 . 2 5 ) . 5 T R 1 ( 2 5 . 2 5 ) . V I N V ( 2 6 . 2 5 ) , L H G P ' 
3 L H R E G ( 6 ) , C O N C { 4 0 ) . M I X ( 4 0 ) , M T I X ( ? 0 ) , N T M I X ( 2 0 ) . G A M M A ( 1 0 . 2 . 2 6 ) , 6 

4 2 6 . 2 5 ) . B E T A ( 2 , 2 6 ) , L R A T E ( 2 9 ) 

E Q U I V A L E N C E ( L L ( I ) . M A X ) . ( L L ( 2 ) . J M A X ) . ( L L ( 3 ) . N Q R ) . ( L L ( 4 ) . N ) . ( L L 
lNDS),(LL(6),NPS).(LL(7).NOT).(LL(8).ITOUT),(LL(9).LC0).(LL(1' 
2 ) . ( L L ( 1 1 ) . L P G ) . ( L L ( 1 2 ) . IDP).(LLd3).MUTEST).(LL(l4). J S P ) . ( L L > 
3 M I X ) , ( L L ( 1 6 ) , M M I X ) . ( L L ( 1 7 ) . K R F G ) . ( L L ( 1 8 ) . N S 0 S ) . ( L L ( 1 9 ) . N F O S ) ' . 
420),KITl),(LL(2l),IHuK),(LL(27),MADj).(LL(23).MFR).(LL(24).r« 
5(25),lExOP),(LL(26),I I),(LL(66).MIR),(LL(106),MIX),(LL(146),^ 
6(LL(166).NTMIX), ( L L d 86),NHGP ) , ( L L ( 1 8 7 ) , M H R E G ) , ( L L ( 1 8 8 ) - L H R 6 C 
7 ( L L { 1 9 8 ) , L H G P ) , ( L L ( Z 2 4 ) , L F R E G ) , ( L L ( 2 2 5 ) . M R A T F ) , ( L L ( 2 2 6 ) , L R A T ' 
EQUI VALENCE(LL(220).NFREQ),(E(i),EPSl).(E<2).EPS2).(E(3),EPSJ 

1 4 > . F A C ) . ( E ( 5 ) . T H E T A ) . ( £ ( 6 ) . S E N ) . ( E < 7 ) . S G E S ) . ( E ( 8 ) . R R ) . ( E ( 9 ) < ' 
2 E ( 1 0 ) , D E L R ) , ( E ( 5 O ) , S 1 G T ) . ( E ( 7 0 0 ) . S l G S ) . ( E ( l 3 5 0 ) , S I O S l ) . (E(20t 
3SlG), (£(265 0).CHI),(E(330 0).STR),(E(9150).STpi).(E(97751,V IN» 
410425).ALPHA).(£(10477),BETA).(E(10529).GAMMA).(£(11049).DELT 
5 (11621), EMU),(E(11643),CONC),(E(11683),POwRl),(E(1187?).BuCK) 
*12522).SVM) 
COMMON/2/xL(6000) 

C 0 M M 0 N / A 2 / S B ( 2 2 , 2 6 ) , A L Z { 2 2 ) , U ( 2 2 ) , V ( 2 2 ) , W U ( 2 ? ) . A Q Z ( 2 2 ) , A 0 ( 2 2 ; 
l,QlZ(22).Ql(22.9).H(il.i?).Pi(i,,9), 

I P 2 ( 1 1 , 9 ) . A L 1 < 2 2 , 9 ) . A L 2 ( 2 2 . 9 ) , 7 ( 2 2 ) , S M S C ( 2 2 , 2 ? ) , 

3,22) 

>Q1Z( 

.J. 
OL, 
l.EIQ 
50,26 
1' 

26), 
,vusi 
26), 
UCK( 

(5). 
).MIK 
15),N 
(LL( 
). (LL 
TIX), 
). 
) 
).(E( 
1N)>( 
0),VU 
),(E( 
A),(E 
,(E{ 

3,22) 



90 

^WftK(*oUH/!^/i25!§pHT!!',N£l!;L^oi:/Si^/lsBif'rA^IT' 
BANK(1) , /Al / 
JMAX'JMAX 
J1 .J2 .1 
IF(LMAX) l 4 , l 4 , i i 

11 EM"1 .0 
DO 13 L.l.LMAX 
J ' l 
Ql ( l ,L> 'EM , . 
A H ( l , L ) ' ( U ( 2 ) . P l ( l . L ) . P 2 ( l . L ) ) / W ( l . l ) 
AL2(JMAX,L)'EM.ALi(l .L) 
Q 1 ( J M A X , L ) ' 1 - 0 

15 J . J . I 
J3.JMAX.J.1 
I F ( J ' J 2 ) 16,17.17 

16 A L 1 ( J , L ) « { U ( J . 1 ) « P 1 ( J . L ) . P 2 ( J . L ) ) / W ( J , 1 ) 
A L 2 ( J , L ) » ( - U ( J - l ) . P l ( J - l , l - ) . P 2 ( J . l , l - ) ) / W ( J - 1 . 1 ) 
AL2(J3.L)'EM*AL1<J.L) 
A L 1 ( J 3 , L ) = E M . A L 2 ( J , L ) 
Q l ( J , L ) ' P l ( J - l . L ) 
Ql(j3,L>='EM*0l( J 'L) 
QO TO 15 

17 A L 2 ( J 2 , L ) . ( - U ( J l ) . P l ( J l . L ) . P 2 ( J l , L ) ) / W ( J l , l ) 
ALl (J2.1 .L) 'EM.AL2(J2.L) 
0 1 ( J 2 , L ) ' P H J 1 . L ' 
01(J2.1 ,L) 'EM.Q1(J2.L) 

13 EM=,EM 
14 O l Z d ) ' 1 . 0 

A L Z ( 1 ) ' ( U ( 2 ) - U ( 1 ) ) . 0 . 5 
0 1 Z ( J 2 ) ' U ( J 2 ) . U ( J l ) 
AL7(J2 ) 'O lZ (J2 ) .0 .5 
01Z(J2 .1 ) '01Z(J2) 
ALZ(J2*1) '* I -Z(J2) 
Q1Z(JMAX)=1,9 
ALZ(JMAx),ALZ(l) 
J'2 

21 IF (J -J2 ) 22.23.23 
22 jS.JMAx.J. l 

Q lZ (J )=U(J ) -U (J . i ) 
ALZ(J ) '< ' J (J *1 ) -U (J -1 ) ) . 0 .5 
OlZ(J3) ,01Z(J) 
ALZ(J3),ALZ(J) 
J ' J . l 
GO TO 21 

23 RETURN 
END 
SUBROUTINE AOSJL 
COMMON/Al/LL(250),E(l743S).CC(6)',NN(2l).'JR.LC,NA.NOF.L' 

l K , L . M . J l . J 2 , J 3 . J 4 . J 9 . M i . M 2 , M 3 . M 4 . M 5 . M 6 , M 7 , S 0 M E , S U M . A J . 
2LG0,NCE,AN.IT,XPT(19 J. lDlM.I i iDIM.lLDIM.NPI.FIQMl.ElQEi 
3EN2,NEXT,K3,MM5, I I I .MM4,Kl ,K2.NctR,P0wR2(189) .P0WR3(18 
4 ) , X K ( 3 ) , V X ( 3 ) . T I M £ B B Q . O U T C O N , S E A R C O N , £ I O H 3 . S C F L U X ( 1 5 0 . 
5EM1,MATNO(20),ISET.PROBT(12).ISAVE<ELOWER(27) 

DIMENSION I l (40) .MlR(4o) ,DELR(4e) ,POWRl(189) ,EMU(22) .A 
1DELTA(22.26) ,SVM(189.26) ' .SIGT(26.25) .SIQS(26,25) .SI081 
20 (26 .25 ) .CH1(26 ,25 ) .STR(234 .25 ) . 5TR l (25 .25 )>V INV(26 ,25 
3LHREG(6).CONC(40),MIX(40),MTIX(?0),NTMlX(20).QAMMAdO, 
4 2 6 , 2 5 ) . B E T A ( 2 , 2 6 ) . L H A T E ( 2 5 ) 

EQUIVALENCE(LL(1).MAX).(LL(2).JMAX).(LL(3),NGR).(LL(4) 
1 N D S ) , ( L L ( 6 ) , N P S ) , ( L L ( 7 ) , N 0 T ) , ( L L ( 8 ) . I T 0 U T ) . ( L L ( 9 ) , L C 0 ) 
2 ) , ( L L ( 1 1 ) , L P G ) , ( L L ( 1 2 ) , I D P ) . (LL(13),MUTEST).(LL(14 ) .JS 

r , N A F , i , j , 
S i ,S2 ,V0L. 
N.EIGEM.EtQ 
|9) ,SC(«90.26 
2 6 > . I J X 1 ' 

L P H A ( 2 ; 2 6 ) , 
(?6 .29 l ,VUSI 
) ,LHQP'26) , 
2.26),EUCK( 

• 1 

IP 

> i ) , (LL (9 ) , 
( L t d I.MIK 
) . ( L L ( 1 5 ) , N 



Vl 

(LL( 
).(LL 
TIX), 

). 
) 
). (E( 
1N).( 
0),VU 
),(E( 
A),(E 
,(E( 

3,22) 

3?i?'K T^f^?,'; ̂ 5P"'.1^^(17). KBFG).(LL( 18). NS0S),(LL( 19), NFOS) i 

5(25).IEXOP),(LL(26),II),,LL(«6),MlR),(LL(io6),MlX),(LL(i46),'' 
6(LL(166).NTMIX), ( LL (l86 ) .NHGP ) . (LL ' 187 ), <<HREG ) . (LL(l88) .LHREC 
ihh',w?®^;'-r°''''"-'-'"*'''-f''EG).(t.L(225),'JRATE).(LL(226),LRAT = 
EQUIVALENCE(LL(220).NFREO).(E(i).EPSi),(5(?).EPS?).(E(3), EPSJ 

1 4 ) . F A C ) . ( E ( 5 ) . T H E T A ) , ( E ( 6 ) . S E N ) . ( E ( 7 ) . S G E S > ' ( E ( 8 ) . R R ) , ( E ( 9 ) . 
.!E(10),DELR), (E(5U).blQT).(E(7nO);slQS),(E(l350),S10sl),(E(20e 
3S1D),(E(265 0),CHI),(£(3300).STR).(E(9150),STBI),(E(9775),V INV 
410425 ).ALPHA ).(£(10477 ),9ETA).(£(10529).GAMMA).(£(11049). DELT 
5(11621), EMU), (£(11643), CONC), ( E (11 683) , POwRl) , ( E( 1187?) . BijCK) 
*12522).SVM) 

COMMON/2/XL(6000) 
C0MM0N/A2/SB(22,26),AL7(22).U(2?),V(22).WU(2?),AQZ(?2).A0(22'. 

1.0lZ(22).01(22,9).W(11.12),Pi(ii,9). 
I P 2 ( 1 1 . 9 ) , A L 1 ( 2 2 , 9 ) , A L 2 ( 2 2 . 9 ) . 7 ( ? 2 ) , S M S C ( 2 2 . 2 ? ) . 
3 L M A X , A ( 1 1 , 22).B(2,11,22),C(11,?2),D(11,22),IIA(6000) 
BANK(0),/?/,/A2/.DPI NT.LINK2,AL0S./A3/,SETUP. AOSJL 
BANK(1),/A1/ 
IF(LMAX) 23,23,11 

11 DO 21 J,1,JMAX 
JA'l 

12 DO 13 L'l,LMAx 
13 *Q(J*,L,J).ALl(jA,L).Oi(J.L) 
14 JA'JA*! 

IF(JA.J2) 16,18,15 
15 IF(jA.JMAx) 16,18,18 
16 00 17 L'l.LMAX 
17 AQ(JA,L,J).(AL1(JA,L).AL2(JA,L)).01(J,L) 

00 TO 14 
18 DO 19 L«1,LMAX 
19 AQ( JA,L, J).AL2( JA.D.Ql { J,L) 

IF(JA.JMAX) 20,21,21 
20 JA'JA.l 

QO TO 12 
21 CONTINUE 
23 RETURN 

END » 
>..*..................SEGMENT 1****.*..****.*•.*.•.*••****•.*..*«...... 

PROGRAM MTXSET 
COM M O N / A 1 / L L ( 2 5 0 ) , E ( 1 7 4 3 9 ) , C C ( 6 ) , N N ( 2 1 ) , M R . L C , N A , N O F , L F . N A F , I , J , 

IK,L,M.Jl.J2,J3,J4,J9,MI.M2.M3.M4.M5,M6.M7,S0ME.SUM,AJ.SI.S2.V0L. 
2 L G 0 . N C E , A N . I T . X P T ( 1 S . ) . I D I M . 1 U D I M , I L D I M . N P I . F I G M 1 . E 1 Q F N , E I G E M . E 1 Q 
3 E N 2 . N E X T . K 3 , M M 5 , I 1 I . M M 4 , K 1 , K 2 . N C T R , P O W R 2 ( 1 8 9 ) , P O H R 3 ( 1 8 9 ) , S C ( I 5 0 , 2 6 
4),XK(3),VX(3),TIM£BbQ,OUTCON.SEARCON,ElGM3,ScFLUX(i50.26).IJ'l. 
5E M 1 , M A T N 0 ( 20). ISET.PROBTd?). I S AvE lELOWER ( 27 ) 
DIMENSION II(40).MIR(4T)^DELR(40i.POWRl(ie9),£MU(22).ALPHA(2i26), 
DELTA(22.26).SVM(i89.24),S10T(24.25).SIGS(26.25).SIGSi(p6.25'i*'USI 
G(26,25).CHI(26.25).sTR(234,25).5TRl(25.25).«lNV(26,25),LHQP(26). 

3LHREG(6).CONC(40).Mlx(4O).MTIX(20),NTMlX(20).GAMMA(lO.2.26),IUCK( 
42*.25>.8ETA(2,26).LRATE(25) 

EQ U I V A L E N C E ( L L ( 1 ) . M A X ) . ( L L ( 2 ) . J M A X ' « < L L ( 3 ) , N 0 R ) , ( L L ( 4 ) , N > . ( L I . ( 5 ) . 
1NDS),(LL(6),NPS),(LL(7),N0T).(LL(8),ITOUT),(LL(9),LCO).(LL(1•),MIK 
2), (H.(11).LPG),(LL(12).IDP).(IL(13>.HUTEST).(LL(14).JSP).(LL<15>.N 
3MIX),(LL(16)'MMlX).(LL(17),KPFG).(LL(l8).NS0s).(LL(191>NFOS><<LL< 
420),KIT1),(LL(21). IBuK).(LL(2?).MADJ),(LL(23),MFB),(LL(24), It),(LL 
5(25),IEXOP),(LL(26).II),(LL(«6),MlR),(LL(106),MlX).(LL(i46),^TIX), 
6(LL(166),NTMIX),(LL<186).NHGP).(LL(187).MHREG).(LL(188).LHRB6). 
7(LL(198),LHGP).(LL(224),LFREG).(LL(225),NRATF).(LL(226),LRATI) 
EOUIVALENCE(LL(220).NFBEO).(E(I),EPSl),(E(2),EPS?).(E(3),EPS}),(E{ 

14),FAC),(E(5),THETA).(E(6).SEN).(E(7),SGES)>(E(8),RR).(E(9).>IN),( 
2E(10),DELR).(E(50).SIQT).(E(700).SlGS),{E(1350),SIGSl).(E(20t0),VU 

\ 



92 

5!J§J§^^i!^Sr):^IUoi^7^^^8i^i1I^lUU'2i^^ii8'i!V,(^^l?SJ3');15^t!;i^:^l 
5(11621).EMU).<E(11643),CONC).(£(11 »83).P0WRl).(E(11872>,BuCKI,(E( 
612522),SVM) 

C0MM0N/A2/S8(22,26).AL7(22).U(22>'*"22''WU(2?),AOZ(22).AO(22'i3.22) 
1.01Z(22).0l(22,9),Cl(ll,ll),9l(2',ll,22). 

2 Z ( 2 2 ) . S M S C ( 2 2 , 2 2 ) , 

3 L M A X , A ( 1 1 , 22),B(?.11.22).C(11.?2)«Dtll.22)M)A(6000> 

B A N K ( 1 ) , M T X S E T , / A 1 / 

BANK(o),/2/,/*2/./*J/ 
C 0 M M 0 N / A 3 / , D 1 ( 2 » 1 1 . 1 1 > . D M ( 1 1 . ? 2 ) 

TYPE DOUBLE C1,DM,£N 
Jll'Jl*l 
J21'J2*1 
III.2 
DO 6000 IGRP'l.NQR 
I'IQRR 
1 F ( M A D J , G T , 0 ) I . N Q R . I Q R P . 1 
NAF.l 
AC67»(TlM£BEG-TIMELEFT(Ae67)>..o6l 
1 F ( N G R . E 0 , 1 ) GO TO 34 
IF(IGRP.GT.NGR/2) 111=8 
IF(IGRP.E0.NGR/2*1) REWIND 2 

34 DO 71 K=1,J2 
DO 74 L'l,Jl 
Bid.K.L) = 0.0 
Bl(2.K,L) ' 0,0 

74 DM(K,L)'0,0 
DO 75 L'1.J2 
D1(1,K,L) = 0,0 
Dl(2.K,L) = C O 

75 C K K . L ) ' 0,0 
71 CONTINUE 

REWIND 3 
IZ'l 
EM5.,o0O0Ol 
DO 202 K'1,J2 
L.K.J2 
I F ( ( D E L T A ( K , I ) . G T . E M 5 ) . 0 R , ( D E L T A ( L < I ) . G T , E M 5 ) ) G 0 TO Jol 

202 CONTINUE 
DO 203 K=l,10 
I F ( ( G A M M A ( K , i , l ) . G T . E M 5 ) . 0 R . ( G A M M A ( K , 2 , I ) . Q T . E M 5 ) ) Q 0 TO 2"! 

203 CONTINUE 
1Z = 0 
DO 204 K=i.J2 
L»K.J2 
S B ( K . 1 )'0, 

204 SB(L,I)'0, 
201 NTCTR'O 

IF(lGRPtNE.l) GO To 23 
MM5,3000 
M5.MM5 
MM6,3ooi 
MM3'3001 
MN4,6000 

23 M M 5 , , M M 5 
M 5 = . M 5 
M N 4 , M N 4 . M M 5 
M M 4 , M N 4 
M M 6 . M M 6 . M M 5 
M M 3 , M M 3 . M 5 

http://MM6.MM6.MM5


M4.MM3 
D0ll»<'l,J2 
DOllL'l.Jl 

11 B(1,K,L).0.0 
IF(MFH,GT,o) GO TQ 7,, 
B d . l . D ' l . 

Bd.l, J1)..ALPHA(1, t> 
D01J.2,J2 

M6'Jl-J*l 
B(1,J,J).,9 
B(1,J,J.1)..5 
Bii,J,Mj),.,5.ALPHA{i,1) 

1 B ( 1 , J . M 6 . 1 ) ' - , 5 . A L P H A ( 1 . I ) 
GO TO 73 

70 B(l,l,l)=l. 
DKl.l.l)' -ALPHA(i. 1 ) 
DO 72 J'2.j2 
B(1.J,J)'.5 
B(i,J,J.i),,5 
DlU.J.j) • -.S.ALPHAd.I ) 

72 01(1, J, J.1) -. - , 5 » A L P H A ( 1 , I) 
DM(J2,Jl) » 1.0 
B1(1,J2,J1) ' - A L P H A ( 2 . I ) 

DO 82 J.2,J2 
K3 . Jl-J.l 
K 2 ' J 2 . J . 1 

Bl(l,K2,K3).-.5.ALPHA(?,f) 
Bl(l,K2,K3.i) . -.5*ALPHA(2.i, 
D M ( K 2 , K 3 ) ' .5 

82 DM(K2,K3.1) = .5 
73 J5.J2.1 

IFlBETAd, I) .£0.3. )ao TO 200 
M7.J1.1 
D02jsj5,M7 
EM=2,.0lZ(J) 
M6'jl-J*l 
D02K.1,J2 
B(i,K,J).B(i,K,J).(BETA(i.l).FM.U(Mj)) . 

2 B(l,K,J*l)'e(l.K.J*l)*(BETA(i.I)*EM*v(M6)) 
200 IF(IZ,EO,0) GO TO 205 

SB(i,|).GAMMA(i,i,1).DELTA(Jj.l) 

SB(jl,I)'GAMMA(1.2.I)*DELTA(l.I) 
D04J.2,J2 
M6'J1.J*1 

4 SB(M6.I).GAMMA(1.2,I).(OfLTA(j,r).DELTA(J-l, i))..5 
EM.l, 
D09j»i,J2 
M6'Jl-J.l 
D09L«1,9 

EM'.EM 
SB(J,I).SB(J,I).GAMMA(L*1,1.I)*01(M6,L) 

5 SB(M6,l)'S8(M6,I).GAMMA(L*1.2.I).Ql(J.L)*EM 
205 M7.1 

Ml • 1 
M2 • 2 

C PICK UP REGION INDEX 
D022J5'1,JMAX 

C PICK UP PROPER MATERIAL NUMBER 
M6.MIR(J5) 
EM.SIGS(I,M6) 
IF(lBuK,E0.5)EM.EM.auCK(1*26,1) 
EMl'SI0Sl(I.M6) 
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DLTAle.5*DELR(J5) 
DO 51 JA.l.Jl 
DO 51 JJ'liJl 

51 SMSC(JA,JJ)'(EM.AOZ(jA).£Ml.An(JA.l.JJ))'DLTAl 
EM3.SIGT(1,M6).DLTA1 
PICK UP PROPER POINT INDEX 
DO 60 JA'1,J2 
S0ME.EH3.MU(JA) 
OK JA,1)'S0ME.U( JA) 
01(JA,2),S0ME.V(JA) 
0l(J»,3)'S0ME.U(JA) 
0l(jA.4)'S0M£-V(JA) 

60 CONTINUE 
1F(J5.JMAX)801,8C2,B'12 

802 L'IKJs) 
GO TO 803 

801 L ' II(J5) . 1 
803 DO 21 K . M7,L 

IF(K-MAX)6.7.7 
7 BOtOKl=l,j2 

DOioJC'i.Ji 
10 D<Kl.JC)»0.0 

1F(MFR.NE,1) GO TO 81 

IF(K.NE,MAX) GO TO 8i 
00 69 J'1,J1 
DO 69 JC'1,J2 

69 D(JC,J)'D(JC,J) •DM(JC,J) 
GO TO 68 

81 D(J2,J1) . 1.0 
D(J2.1)»-ALPHA(2,1) 
D012J°2,J2 
K3,J1.J*1 

K2.J2.J.1 
D(K2,K3)=,5 
D(K2,K3.1)=.5 
D(K2ij)'-.5*ALPHA(2.1 ) 

12 D(K2,J-1)=.,5.ALPHA(2,I) 
68 jC . J2 . 1 

IF(BETA(2,1).EQ,0.0) Go TO 60? 
K2.J1.1 
D013J.JC.K2 
EM.2,0.OlZ(J) 
K3=J1-J.1 

D013K1.1,J2 
D(Ki,K3)=D(Kl,K3).(aETA(2,I),FM.U(J)) 

13 D(Kl.K3.1).D(Kl,K3-l).(BETA(2.1)*EM*v(J)) 
G0T0602 
BEGIN SETTING IN SCATTERING COEFFICIENTS 

6 DO 52 JC'l.Jl 
DO 52 JR'1,J2 
JCI'Jll-JC 
JRB.Jll.JR 
JRD.J21.JR 
A(JR,JC)'B(M2,JR,JC)'-SMSC(JCI.JRR) 
C( JR, JC)=D(JR,JC)=-SMSr(JCI,JRD) 

52 CONTINUE 
DO 67 JT'l.JZ 
CDl.OKJT.l) 
C0l.0l(JT,2) 
CD2'01(JT,3) 
C02.Q1(JT,4) 
ADD IN GEOMETRIC ANU TRANSPORT COMPONENTS WHFRF NECESSARY 
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648 

903 

905 

602 

603 

604 

605 

606 
607 
608 

6o9 

613 

*12 

610 

614 

615 

JC'Jll-JT 
JR.J21.JT 

A ( J T ' J T 1 ' A ( J T . 
B(M2,JT,JT).B( 
C(JR,JC).C(JR, 
D'JR.JO'D'JR. 
IF(JT,LT.2) GO 
A(JT,JT.l)'A(J 

B ( M 2 , J T , J T ' 1 ) ' 
C(JR,JC.1).C(J 
D(JR,JC.i).D(J 
CONTINUE 
IFdG)648,602, 
PRINT 503,I 
F0RMAT(///33H 
PRINT 505,((B( 
F0RMAT(6(5X,Ei 
PRINT 505, dD( 
PRINT 505,((A( 
PRINT 505,((C( 
FIRST DIVIDE A 
DO 647 K1.1,J1 
K2'K1.1 
IF(Kl.GT.j2> G 
M3,1 
E M 4 , 1 , / B ( M 1 , K 1 
QO TO 604 
KA'Kl-J2 
M3.KA.1 
EM4.i,/D(KA,Kl 
IF(K1,GE,J2) G 
DO 607 JC.K2.J 
XL(M4)..EM4.B( 
00 605 J'K2,J1 
B(M1,JC,J)'B(M 
IF(MFR,N E , 1 ) G 0 
DO 606 J'1,J2 
DKMl, JC, J).D1 
M4.M4.1 

IF(K1,EQ,J1) G 
DO 611 J.M3,J2 
XL(M4)..EM4.D( 

I F < K l . G T ' j 2 ' G 
DO 6 0 9 J C . K 2 . J 
D ( J , J C ) . D ( J , J C 
I F ( M F R . N E , 1 ) G 
I F ( K . E Q . M A X ) G 
DO 6 i 2 J C . i , J 2 
E N ' X L ( M 4 ) * D 1 ( M 
I F ( K . E O , M A X . I ) 
C i ( J , j C ) . C i ( J , 
GO TO 612 
C ( J , J C ) . C ( J , J C 
CONTINUE 
GO To 6 1 1 
I F ( K 1 , E 0 . J 1 ) G 
DO 614 J C . K Z . J 
D ( J , J C ) ' D ( J , J C 
DO 615 J C . 1 , J 1 
C ( J , J C ) . C ( J , J C 
I F ( M F R . N E , 1 ) G 0 
I F d K l . E Q . J l ) , 

J T ' * C U I 
M 2 , J T , J T ) . C D 2 
J O . C U i 
J C ) . C U 2 

TO bl 
T, J T . D . C O i 
B ( M 2 . J T , J T . 1 ) . C 0 2 
R , J C . 1 ) . C 0 1 
R , J C » l ) . C O ? 

602 

MATRIX ELEMENTS -B.D.A.C BROUP .ij) 
M l , J A , J J ) . J J . l . J l ) . j A , l , J 2 ) 
3 , 5 ) ) 
J A . J J ) . J J ' 1 . J 1 ) . J A . 1 > J 2 ) 
J A . J J ) . J j . l , J l ) . J A . l , J 2 ) 
J A , J J ) , J j . i , J l ) . J A . i , J 2 ) 
LL SUfl DIAQONAL ELEMENTS B'' DIAGONAL 

0 TO 603 

K l ) 

) 
0 To 6 8 
2 
M l , J C K l ) 

1 , J C , J ) * X L ( M 4 ) . R ( M 1 , K 1 , J ) 
TO 6o7 

( M l , J C , J ) . X L ( M 4 ) . n i ( M l , K l » J ) 

0 To 635 

J . t < l ) 
0 To 610 
1 
) . X L ( M 4 ) . B ( M i , K i , J C ) 
0 TO 6 1 1 
0 TO 6 1 1 

l , K l . J C > 
GO TO 6 l 3 
J O . E N 

) * E N 

0 TO 6 1 1 
1 
) * X L ( M 4 ) * D ( K A . J C ) 

) * X L ( M 4 ) . C ( K A , J C ) 
TO 6 1 1 

0 R . ( K . Q E . M A X . 1 ) ) G 0 TO 6 1 1 

http://JR.J21.JT
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616 ?l(J,5c)'Cl(J,JC).XL(M4).Ci(KA,JC) 
611 M4'M4*1 
635 IF(K.EQ,MAX) GO TO 647 

DO 6i7 JC.1,J2 
X L ( M 4 ) " E M 4 * A ( J C > K 1 ) 
IF(K1,GT.J2) GO TO 6l9 
DO 6iS J«K2,Jl 

6 1 8 A ( J C . J ) ' A ( J C ' J ) * X L ( M 4 ) * B ( M 1 . K 1 . J > 
lF((MFR,NE.l),OR.(K.eQ.MAX)) GO TO 617 
DO 620 J'l.JZ 
EN = Xi.(M4)*Dl(Ml,Kl. J) 
IF(K.LT,MAX.I) GO TU 621 
B(M2,JC,J).B(M2,JC,J).EN 
GO TO 620 

621 D1(M2,JC.J)=D1(M2,JC.Jj.EN 
620 CONTINUE 

GO TO 617 
619 1F(K1,E0,J1)G0 TO 6Z4 

DO 622 J'K2,Jl 
622 A(JC.J)'A(JC.J).XL(M4).D(KA.J) 
624 DO 623 J.l.Jl 
623 B(M2,JC,J).B(M2,JC,J)*XL(M4)«C(KA,J) 

IF(MFR.NE,1) GO TO 617 
IF(K,GE,MAX.1)G0 TO 6l7 
DO 625 J'1,J2 

625 D1(M2,JC.J)»D1(M2,JC.J).XL(M4).C1(KA.J) 
617 M4.M4.1 

IF(MFR.NE,l)GO TO 647 
DO 626 JC'1,J2 
XL(M4)=.EM4.B1(M1,JC.K1) 
IF(K1,GT,J2)G0 TO 6Z7 
DO 628 J'KZ.JI 

628 B1(M1,JC.J)'B1(M1,JC,J).XL(M4).P(M1.K1,J) 
DO 629 J'1,J2 

629 DM(jC,J)'DM(jC,j).xL(M4).Dl(Ml.Kl.J) 
GO TO 626 

627 DO 634 J.K2,J1 

634 BKMl.JC, J)sBl(Ml, JC. J)*XL(Mi).D(KA,J) 
IF(K.EO.MAX.I) GO TU 631 

DO 632 J,1,J1 
Bl(M2,JC,J)'Bl(M2,JC,J).xL(M4).C(KA.J) 
IF(J.GT,J2) GO TO 632 
DM(JC,J)rDM(JC.J).XL(M4).C1(KA.J) 

632 CONTINUE 
QO To 626 

631 DO 633 J.l.Jl 
633 DM(JC,J).DM(JC.J).xL(M4).C(KA.J) 
626 M4»M4.1 
647 CONTINUE 
643 IF(1G,GT,0) GO TO 649 

PRINT 504,1,K 
504 F0RMAT(///58H FACTORED MATRIX ELEMENTS. 8. D. 

iROUP I2,2X,5HP0INT14) 
PRINT 505,((B(Mi,JA,JJ).JJ.i,ji),jA,i,J2) 
PRINT 505,((D(jA.Jj).Jj=l,jl),jA.],j2) 
PRINT 505,((A(JA,JJ),Jj=l,ji,,jA,l,j2) 
PRINT 505,((C(JA,JJ),Jj,,,Ji,.jA,i,J2) 
I F I M F R - N E . D G O TO 649 
PRINT 505,((Bl(Ml,JA,Jj),Jj.l.ji,,JA.l,j2) 
PRINT 5 0 5, dDi(Mi,jA,Jj),Jj,j. jj,,, JA.. , J2, 
PRINT 505,((Cl(jA,jj),jj.l,j?),jA=l,j2) 

Bl. Dl, Tl. 
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649 K2«l 
DO 601 J.1,J2 
DO 401 JC.i.Ji 

601 B1(M1,J,JC>"0, 
DO 703 J.1,J2 
DO 700 JA.J.Ji 
UA(MM4).B(M1,j.jA) 

700 MM4.MM4,1 
IF(MFR,NE,1)G0 TO 7u3 
IF(K.QT.MAX.I) GO To 703 
DO 630 JA,1,J2 
UA(MM4),DI(MI,J,JA) 

630 MM4.MM4.1 
703 CONTINUE 

K2.J2.1 
DO 7o5 J.i,j2 
JC'K2.J'1 
DO 706 JA.JC.Jl 
U*(MM4),D(J,JA) 

706 MM4.MM4.1 
IF(K.EO,MAX)G0 TO 705 
DO 704 JA.l,Ji 
UA(MM4).C(J,JA) 

704 MM4.MM4»1 
IF(MFR.NE,1)G0 TO 709 
IFIK.G E.MAX-DGO TO 7o5 
DO 701 JA.1,J2 
UA(MM4).Cl(J.JA) 

701 MM4.MM4-1 
705 CONTINUE 
708 J.Ml 

M1.M2 
M2'J 
DO 642 J.1,J2 
DO 642 JC.I.JZ 
Cl<J.JC)'0. 

642 D1(M2,J,JC),0, 
AC4g.tlftELErT|AC68> , 
CHECK IF BUFFERS ARE FuLL 
IF(K.MAX)709,711 711 

709 IF((NTCTR*l.LT.NN(2)).ANO.(K.tT.(NTCTR*i)*NN(i))) OO TO 2i 
IF<NTCTR*1'EQ.NN'2)' GO TO 21 

711 1F(UN1T,111)711,712 
712 IFIUNIT,3)712,713 
713 IF<UNIT<8)713.714 
714 M4.M4.1 

I F I N Q R . N E . D G O TO 719 
BUFFER 0UT(8,1) (XL(MM3).XL(M4)) 

715 BUFFER OUT(I I I.1)(XL(MM3).XL(M4 )) 
IFdG)651,715,716 

651 PRINT 501,I,M4,K.IDlM.IUDIM.IlDIM 
501 F0RMAT(29HXL WRITTEN ON 2 AND 8. GROUP .12,14.12HH0RDS, P01N»,14 

1,15,15,15) 
PRINT 505,(XL(J),J.MM3.M4) 

716 MM4«MM4*1 
IF(K.EQ,MAX)GO TO 21 
1F(NTCTR,E0,NN(2).2) Go TO 696 
SUFFER 0UT(3.1)(UA(MM4).UA(MN4)) 
IF(10)665,656.656 

655 PRINT 502.I.MM4,K 
502 F0RMAT(25H UA WRITTEN ON 10. GROUP .12,1»,12HM0RDS, P0!NT.I4I 
656 NTCTR.NTCTR.l 
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740 

21 

22 

508 

NN(10).MM4 
MM5..MM5 
M 5 " M 5 
M M 6 . M M 6 . M M 5 

MM3'MM3.M5 
M4.MM3 
MM4.MN4.MM5 
MN4,MM4 
CONTINUE 
SET BEGINNING OF NEXT REGION 
M7=I1(J5) 
CONTINUE 
AC69'(TlMEeEQ-AC68)*.001 
PRINT 508,AC67,AC69.I , . , 
F0RMAT(7H TIMEi=F9.3,7H TlME2,F9.3,6" GROUPI3) 
NCTR=NN(2) 

'35 
726 
723 

721 
722 

I F ( N C T R , L T , 3 ) GO TO 723 
IFIUNIT,3)735,726 

736 

724 
725 

731 
732 

742 

728 

729 
730 
733 
734 

507 

6000 

900 

BACKSPACE 3 
IF(UNIT,ni) 723,721 
IF(UNIT,8)721.722 
BUFFER O U T U I I'l' ( U A ( M M 4 ) . U A ( M N 4 ) ) 
IF(NGR.NE,1)G0 TO 736 
BUFFER OUT(B.i)(UA(MM4).UA(MN4)) 
NCTR'NCTR'l 
IF(NCTR,EO,0) GO TO 742 
MM5.-MM5 
M M 6 . M M 6 . M M 5 
M N 4 . M N 4 . M M 5 
MM4.NN(10) 
IFIUNIT,3)724,725,728 
IF(NCTR,E0.1)G0 TO 723 
M4.MN4-MM5 
M 8 ' M 4 . N N ( 6 ) . 1 
IF(UNIT,18)731.732 
BUFFER IN(3,l)(UA(Md),UA(M4)) 
N N < 1 0 ) = M 8 
BACKSPACE 3 
GO TO 726 
REWIND 3 
GO TO 6000 
DO 734 I C T R . 1 , 2 0 
BACKSPACE 3 
PRINT 500 
IF(UNIT,3)729,730 
BUFFER IN(3,1)(UA(MM4),UA(MN41) 
IFIuNlT.3)733,725.734 
CONTINUE 
PRINT 507 
FORMAT(.0 FAILED .) 
CALL EXIT 
CONTINUE 
RETURN 
FORMATI.OEOF OR PARITY ERROR IN MTXSET. TAPE 10. TRIED ?0 T P E S * ) 
END 

....................SEGMENT 2.....*.......................*..***..... 
PROGRAM MTXSES 
C O M M O N / A l / L L ( 2 5 0 ) . E d 7 4 3 5 ) . C C ( 6 ) ' , N N ( 2 1 ) . ^ R . L C , N A . N 0 F . L F . N A F , I , J , 

1 K , L , M , J 1 . J 2 , J 3 . J 4 . J S . M i . M 2 , M 3 . M 4 . M 5 . M 6 , M 7 , S O M E . S U M . A J . S 5 , S 2 , V 0 L , 
^ L G O , N C £ , A N , I T , X p T ( l » ^ , ) . I B I M . I u D I M . I L D I M . N P | , F I G M l , £ I Q E N . E I G E ^ l . E I G 
3 E N 2 , N E X T . K 3 , M M 5 , I I 1 , M M 4 , K l . K 2 . NCTR, P 0 H R 2 I 1 8 9 ) . p o w R 3 ( 1 8 9 ) , S C ( ^ 5 0 , 2 6 
4 ) , X K ( 3 ) , V X ( 3 ) , T I M E B f c G . O U T C O N . S E A R C 0 N . E I G M 3 . S c F L U X ( 1 5 0 , 2 6 ) , I J ' l . 

http://MM6.MM6.Mm5
http://MM6.MM6.Mm5
http://MN4.MN4.MM5
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26).E 

(LL(4),N),(LL 

i?f^I :^^^?ui'^""^*'•^*'•5'°T'^*•.^5>.S'SS(26.25,.sIfiSl(?6,29) 

i uo!r?!?*'?*''^^"'234.25).STRl(25,25).VINV(26,25),LHGP( 
43* iRlcS!'*SJ°'^"<'*'"'"T'X<26).NTMlX(20). GAMMA (10,2 
4 26,25),BETA(2,26),LRATE(?5) 
EOUIVALENCE(LL(i).MAX).(LL(2).JMAX),(LL(3),NOR).(LL(4), 

2? ?,. 'rV * , i ^ ' ' ^ ' ' ' l - L ' 7 ) . N 0 T ) . ( L L ( 8 ) . l T 0 u T ) . ( , L ( 9 ) . L C 0 ) . ( L l ' ( l ' 
2 ) . ( L L ( l l ) . L P G ) , ( L L ( 1 2 ) . I D P ) . ( L L ( 1 3 ) . M u T E S T ) . ( U ( 1 4 , , j s P , : ( L L ( 
i , i > ' i " " ' ' ! ' ? * ' ? " ' ^ ' • " - ^ ' 1 ^ ' • ' " ' " ' • " • ' - ' 1 8 ' • • * S 0 S ) . ( L L ( 1 9 , , NFOS) I 
s « P i ' ' - ' - ^ ^ i ' ' " ' J ' < ' ' ' ^ ' - ' " ' ' ' ^ * ° J ' ' ' L L ( 2 3 ) . M F R ) . ( L L ( ? 4 ) . t { ; 
! ? f l . ' ' ^ ! ; ° ^ l i ' , ^ ' - ' ^ * ' • " ' • " - L ( 6 6 ) . M I R ) , ( L L ( l G 6 ) , M I x ) . ( L L d 4 6 ) , . • 
6 ( L L ( 1 6 6 ) . N T M I X ) , ( L L ( l 8 6 ) . N H G P ) . , L L ( l 8 7 ) . N H R E Q ) . ( L L ( l 8 e ) LHREK 
7(LL(198).LHGP).(LL(224).LFREG),(LL<225).>JRATE).(LL(?26).LRATe 

E Q U I V A L £ N C E , L L ( 2 2 0 ) , N F R E O ) . , E , 1 ) ^ E P S 1 ) . ( E ( 2 ) ' E P S 2 ' . " ? 3 ^EPS 
1 4 ) , F A C ) , ( E ( 5 ) , T H E T A ) . ( £ ( 6 ) . S E N ) . ( E ( 7 ) , S G E S ) , , E ( 8 ) , H R , . ( F ( 9 ) , X 
?! i ' " * 2 ^ k ? h ' ^ i ^ i ' ' ^ ' ° T ' ' ' E ( 7 n o ) ' , S l G S ) . ( E d 3 5 0 ) . S l Q s l ) . f E < 2 0 0 
3SIG) , (E ( 2690 ) , CHI ) , (E(3300 ) , STR) • . ( E ( 9 1 5 0 ) , S T B 1 ) . ( E ( 9775) , VINV 
410425 ) ,ALPHA) , (£ (10477 ) ,BETA) . (£ (10529 ) .BAMMA) . (£ (11049 ) ,DEL I 
5 (11621 ) .EMU) . (£ (11643 ) .CONC) . (£ (11683 ) ,POWRl ) . (£ (1187?) .BUCK) 
612522),SVM) 

COMMON/2/XL(6000) 
C 0 M M 0 N / A 2 / S B ( 2 2 , 2 6 ) . A L 7 ( 2 2 ) , U ( 2 2 ) . V ( 2 2 ) . W U ( 2 ? ) . 4 0 Z ( ? 2 ) . A 0 ( 2 2 ' . 

l , Q l Z ( 2 2 ) , Q l ( 2 2 , 9 ) , w ( 1 1 . 1 2 ) . P l ( i r , 9 ) , 
I P 2 ( 1 1 , 9 ) , A L 1 ( 2 2 , 9 ) , A L 2 ( 2 2 , 9 ) . 7 ( 2 2 ) . S M S C ( 2 2 . 2 ? ) . 

3 L M A X . A ( 1 1 , 2 2 ) . B ( 2 . 1 1 . 2 2 ) . C ( 1 1 . 2 2 ) ' D ( l l , 2 2 ) . u A ( 6 0 0 0 ) 
BANKd),MTXSES./Al / 
B A N K ( o ) , / 2 / . / A 2 / , / A 3 / 
J l l ' J l * l 

2 6 ) , 
,VUSI 
2 6 ) , 
UCK( 

( 5 ) , 
' .MIK 
15) .N 
(LL( 
) . (LL 
T I X ) , 
) . 
) 
) . ( E ( 
I N ) , ( 
0) > vu 
) , ( E ( 
A ) , (E 
• (E( 

3 ,22) 

J 2 1 . J 2 . 1 
j 3 = j 2 , l 
I I I . 2 
J l l . J l . l 
J 2 1 . j 2 . 1 
DO 6000 IGRP' l , 
IF(NGR.£Q ,1)00 

,NGR 
To 24 

1F(lGRP,QT.NGR/2) I I I . 8 
lF( lGRP-l ,EQ.NQR/2) REWIND 2 
AC67'(TlM£BEG.TIM£LfcFT(AC67))., 

24 I'lQRP 
I ' lQRP 
If(MADJ,GT.O)I=NGR.IGRp.l 
REWIND 3 
NTCTR'O 
I f d G R P . N E . D GO TO 23 
MM5'3000 
M5.MM5 
MM6.3ool 
MM3>3001 
MN4>6000 

23 M M 5 , . M M 5 

M 5 ' - M 5 
M N 4 . M N 4 . M M 5 
MM4.MN4 
MM6,MM6.MM5 
MM3SMM3.M5 
M4=MM3 
EM5.,00000l 
I Z ' l 
DO 202 K.1,J2 
L » K . J 2 
IF ( (DELTA(K, I ) .GT,EM5) 

001 

OR.IDEl T A I L I I ) . G T . E M 5 ) ) GO To 20l 

http://MN4.MN4.MM5
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1F(ABSF(GAMMA(K,I.I)).GT,EM5) GO TO 2ol 

IF(ABSF(GAMMA(K.2,I)).GT.EM5) GO TO 201 

203 CONTINUE 
IZ'O 
DO 204 K'l,J2 
L'K*J2 

204 S6(K,I).SB(L.I).0.0 
201 DO 11 K.i,J3 

D011L=1'J1 
11 B(1,K,L).0.0 

D0lJs2.J2 
M6=Jl.J*l 
B(l,J.l,J.1)'U(M6.1) 

B(1,J-1,J)"V(M6.1) 
B(1,J-1.M6*1)=-ALPHA(1.I)*U<M6*1J 

1 B(l,J-l,M6).B(l,J.l.M6).ALPHA(l,i)*V(M6.1) 

1F(BETA(1, D.EQ.O.O) QO TO 200 
D02J»2.J2 
M6.J1.J.1 
D02K,i.J3 
M7'J1.K*1 . , , 
EN»(EMU(M7).EMU(M7-1)).BETA(1. M.OlZtJ) 
B(1,K.M6)»B(1.K,M6)*U(J)*EN 

2B(l,K.M6.1)'B(l,K,M6.1).v(j)*EN 
200 IFdZ.EQ.O) GO TO 205 

SB(Jl,I)'GAMMA(i.2.1)*DELTA(i.1) 
D04j'2.j2 
M6.Jl-J.l 
SB(M6.1)=GAMMA(1,2,I).(U(J).V(J)).U(J).DELTA(J,I) 

1*V(J).DELTA(J-1,I) . , 
4 SB(J-1.I)'GAMMA(1.1.I ).(U(M6.1 ).V(M6*l))•U(M6.1)'DELTA(M6.2.I ) 
1.V(M6.1).DELTA(M6.1.I) 

EM'.i 
D06L=1.9 
EM,.EM 

D05J,2,J2 
M6.Jl-J.l 
EN'P2(J-1,L)''01Z(J) 
SB(M6,1),SB(M6,I).GAMMA(L*1.2,I)*EN 

5 SB(J.i,l)»SB(J-i,I)*QAMMA(L.i.i,1)*EN«EM 
6 sB(Jl,I)'SB(Jl.I).GAMMA(L*1.2.1)*0l(l.L) 

C NOW GO INTO THE GENERAL MATRIX ROUTINE 
205 M7.1 

Ml'l 
M2'2 

C PICK UP REGION INDEX 
D022J5.1.JMAX 

C PICK UP PROPER MATEHIAL NUMBER 
Mi'MlRIJ5) 
DELR*^'!.04^197551.D6LR(J9) 
DELRRT=2..DELRR 
DO 60 JT.1.J2 
L5'Jll-JT 
01(JT.1)'SIGT(I.M6)*WU(JT' 
01(L5.1).SIGT(I,M6).WU(L5) 

60 CONTINUE 
EM4.5IGS(I.M6) 
EM5.SIGS1(I,M6) • 

DO 51 JA=i,J3 
K5'J11-JA 
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K6'K5.1 
DO JJ'1,J1 

51 ^!!!S!:ii'"'"'l"^''***"'-^*'*"^'*""-j*'i.-'j ' 
DO 14 ! j - i ! ' ' * ' * ° ' ' ' ' * ' *^ '^ ' * * ' " ' ' * '^ * ' j - " 

14 f';'SC(J2.JJ).£M4.(»QZ,jj,.,0j, ,j,,,.g^,.,,g, 
PICK UP PROPER POINT INDEX '.;I.I.JJI» 

IF(J5.JMAX)804,802,8 ,i'"""' 
802 L'II(J5) 

00 TO 803 
804 L'IKJS).1 
803 DO 21 K.M7,L 

IF(K-MAX)8,7,7 

7 D010K1.1,J2 
DOioJC.i,Ji 

10 D(K1.JC)'0.0 
D(J2,J1),1,0 
D(J2,i).-ALPHA(2, I, 
D012J'2,J2 
K3.Jl-J.l 
K2'J2-J*1 
D(K2,K3)'U(J) 
D(K2,K3.1).v(J) 
D(K2,J.i),,ALPHA(2,I)*V(J) 
IF(J.J2)15,12,12 

15 D(K2,J)..ALPHA(2.I)*U(J) 
12 CONTINUE 

EM.1..ALPHA(2,I ) 
IF(6M)658,699.658 

658 0(1,J2).EM«U(J2) 
659 IF(BETA(2,I).EQ,0.O) Qo TO 60? 

DO 16 J,2,J2 
K3'J11-J 
DO 17 K1'1,J3 
K2.J11.K1 
MM8.J21.K1 

EN'EMU(MMe)*EMU(MM8-l) 
EM.BETA(2,I).Qlz(K3.1) » 

D(Ki,J.i).D(Ki,J-i)-u(K3.i).£N.EM 
17 D'KI.j)'D(Kl.j).v(K3.1)*eN*EM 

D ( J 2 . J . 1 ) , D ( J 2 , J . 1 ) , U ( K 3 . 1 ) . ? »EM 
16 D(J2,J)aD(J2,J).V(Kj.i)*2.*EM 

GOT0602 
8 £ M 3 , X P T ( K . 1 ) 

EM4.XPT(K) 
E M 5 . E M 3 * E M 3 
EM6.EM3.EM4 
EM7.EM4.EM4 
EM8.EM6.EM6 
DLTAl.DELRR.(EM5.EM».3.*eM7) 
0LTA2.DELRR*(3.*EM5»EH8.eM7) 
BTA.(EM5*EM6.EM7).4.ia8 79 02 
QMMAl.DELRRT.(EM3.EM4*EM4) 
QMMA2.0£LRRT.(EM3.Ef13.EM4) 
SISl*!,.̂ !̂ ,̂"̂ '' "^ SCATTERING COEFFICIENTS 
D053JC'l.Jl 
jCI.Jii.JC 
DO 52 JH.1.J2 
JRB.Jll-JR 
JRD.J21.JR 

C(JR<JC)'.DLTA2.SMSC(JC1.JRD) 
D(JR,JC)'.DLTA1.SMSO(JCI. JRD) 

http://EM6.Em3.Em4
http://EM7.EM4.EM4
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740 i'(!jl{^jl}^L!JtvPi;ISsC(JCI.JRR) 
B(M2.JR.JC>'-DLTA2*SM3C(JCI.JRB) 

52 CONTINUE 
53 CONTINUE 

D067JT=1.J2 
JC'Jll-JT 
LS'JC 

EM.QKJT.l) 
EN.Ol(JC.l) 
S0ME'DLTA1*EM 
AS0ME.DLTA1.EN 
SUM.DLTA2.EM 
ASUM'DLTA2«EN 
CD1,U(JT).BTA 
COi.V(JT).BTA 

CRl'Z(jT).GMMAl 
CR2,Z(JT).GMMA2 
ACDi.U(L5).BTA 
AC01'V<L5)*BTA 

ACR1.Z(L5).QMMA1 

ACR2'Z(L5).GMMA2 

ADD IN GEOMETRIC ANU TRANSPORT COMPONENTS WHERE NECESSARY 
JR.J21,JT 
C(JR,JC).C(JR,JC)*CUi«CR?.SUM 
D<JR.JC)'D<JR.JC'-CU1*CR1*S0MF 
IF(JT.J2)66,69.69 

66 A(JT.JT)'A(JT,JT).AOOl.ACRi.ASOME 
B(M2>JT,JT)'B(M2.JT.JT).ACD1.ACR2*ASUM 
A(JT,JT.l)'A(JT,JT.l)-ACOl.ACRi.ASOME 
B(M2, JT, JT*1)'B(M2. J T . J T . D . A C O I . A C R Z . A S U M 

68 IF(JT.1)67,67,69 
69 C(JR,JC*1)«C(JR,JC.1)*C01-CR2.SUM 

D(JR,JC.l)'D(JR,JC.l)-COi-CRl»SOME 
67 CONTINUE 

IF(10)648,602,602 
648 PRINT 503 

PRINT 505.((B(Ml.JA.JJ).JJ'l.jl).jA.l.J3) 
PRINT 505,((D(JA.JJ),JJ,1,J1),JA,1,J2) 
PRINT 505.((A(JA,JJ),JJ.i,Ji),jA.i,Js) 
PRINT 505.dC(JA.Jj),Jj'l,Jl).jA'lij2) 
NOW FACTOR AND PLACE IN BUFFERS 

602 DO 647 Kl.l.Jl 
K2'Kl.l 
1F(K1.GT.J3) GO TO 6 i3 
M3,l 
EM4.1,/B(M1,K1.K1) 
GO TO 6o4 

603 KA.K1-J3 
M3,KA.1 
EM4.i,/D(KA,Ki) 

604 1F(K1.0E.J3) GO TO 6n8 
DO 607 JC,K2.J3 
XL(M4)..EM4.B(MI,JC.K1) 
DO 605 J'K2,J1 

605 B(Ml,JC,J).fl(Ml,JC,J).xL(M4)*R(Ml,Kl,j) 
6o7 H4.M4.1 
808 IF(Kl.EQ.Jl) GO TO 635 

DO 611 JtM3,J2 
XL(M4)'.EM4.D(J,Ki) • 
IF(K1.GT.J3) GO TO 610 
DO 609 JC,K2,J1 

http://AS0ME.DLTA1.EN
http://SUM.DLTA2.EM
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609 

610 

614 

615 
611 
639 

6l8 

619 

622 
624 
*23 
617 
647 
643 
660 

649 

700 
703 

706 

701 

704 

'O' 

708 

'10 

711 
712 
713 
714 

719 

?i'^V!i'^ljJ'-''-"^'*'"-''^*'*B"<l.'<i.JC) 
IF(Kl,E0.jl) GO TO 611 
DO 614 JC.K2,J1 

D(J,JC),D(J,JC).XL(M4).D(KA,JC) 
DO 615 JC'I.JI 

C( J, JC).C(J,JC)«XL(M4).C(KA.JC) 
M4.M4*1 
IF(K.EQ.MAX) GO TO 647 
DO 617 JC.l.JS 
XL(M4)..EM4*A(JC.Ki) 
IF(K1.0T.J3) GO TO 619 
DO 618 J.K2,J1 

A(JC.J).A(JC,J).XL(M4).B(Mi.Ki,j) 
QO TO 617 
IF(Kl,EQ.Jl) GO TO 624 
DO 622 J.K2.J1 
A ( J C . J ) ' A ( J C . J ) . X L ( M 4 ) . D ( K A . J ) 
DO 623 J'l.Jl 
B(M2.JC,J).B(M2,JC,J).xL(M4,,C(KA, J) 
M 4 ' M 4 . 1 
CONTINUE 
IF(IQ)660,649,649 
PRINT 504 
PRINT 505,((B(Ml,jA.JJ),JJ'i,ji).jA.l,j3) 
PRINT 505,((D(JA.JJ),Jj.l,ji) jA.i.jJ, 
PRINT 505,((A(JA,jj),Jj.i,ji),jA,j,j3) 
PRINT 505, dC( JA.jj), Jj.l. J 1 ) . J A ; I , J 2 ) 
K2.1 
DO 7o3 J.i,j3 
JC«J 
DO 700 JA.JC.Jl 
UA(MM4).S(Mi.J.JA) 
HM4.MM4.1 
CONTINUE 
K2>J2 
DO 7o9 J.t,j2 
JC'K2.J.l « 
DO 706 JA.JC.Jl 
UA(MM4).D(J,JA) 
MM4.MM4.1 
IF(K-MAX)701.705,709 
DO 704 JA.l.Jl 
UA(MM4)'C(J,JA) 
MM4,MM4.l 
CONTINUE 
SWiTCH B MATRIX 
J.Ml 
M1.M2 
M2"J 

CHECK If BUFFERS ARb FuLL 
1F(K-MAX)710.711.7H 
IF((NTCTR»l,LT.NN(2)).AND.(K.LT.NN(i).(NTCTR.i))) Oo TO 2l 
I F ( N T C T R . 1 . | Q , N N ( 2 ) ) QQ TQ 21 
IF(UNIT,111)711,712 
IF{UNIT,3)712,713 
IF(UNIT,8)713,714 
M4.M4.1 
IF(NGR.NE,1)G0 TO 715 
BUFFER 0UT(8,1)(X|.(MM3),XL(M4)) 
BUFFER 0 U T ( I I I , 1 ) ( X L ( M M 3 ) , X L ( M 4 ) ) 
A C 6 8 ' T I M E L E F T ( A C 6 8 ) 
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651 |>RiNT^oi,I.M4.LlDIM.IUDIM.lLDlM 
PRINT 505,(XL(J),J.MM3,M4) 

7i6 MM4.MM4.1 
IF(K.EQiMAX)GO TO 21 
IF(NTCTR.E0,NN(2),2) QO TO 656 
BUFFER 0UT(3.i)(UA(MM4),UA(MN4)) 
IF(IG)655.656.656 

655 PRINT 502,I,MM4,K 
656 NTCTR.NTCTR.l 
741 NN(lo).MM4 

M M S ' - M M 5 
M5..M5 
M M 6 . M M 6 . M M 5 
M M 3 . M M 3 . M 5 
M4,MM3 
M M 4 ' M N 4 . M M 5 
M N 4 , M M 4 

21 CONTINUE 
SET BEGINING OF NEXT REGION 
M7.1I(J5) 

22 CONTINUE 
NCTR'NN(2) 
IF(NCTR,LT.3) GO TO 723 
AC69.(TIMEBEG-AC68)*.001 
P R I N T 510, AC67,AC69.I 

510 F0RMAT(7H TIME1.F9.J.7H TIME2.F9.3,6H G R O U P I S ) 
735 IFIUNIT,3)735,726 
726 BACKSPACE 3 
723 1F(UN1T,111)723,721 
721 IFIUNIT,8)721,722 
722 BUFFER OUT(I I I.1)(UA(MM4).uA(MN4)) 

1F(NGR.NE,1) GO TO 736 
BUFFER 0UT(8.1)(UA(MM4),UA(MN4)) 

736 NCTR'NCTR'l 
PRINT 508,I,MM4,MN4 

508 F 0 R M A T ( 3 2 H UA WRITTEN ON 1? AND i8i GROU* .I?,6H. F R 0 M 1 S , 4 H TO l6) 
I F ( N C T R , E O . O ) GO TO 74? 
MM5.-MM5 
MM6.MM6.MM5 
M N 4 . M N 4 . M M 5 
MM4.NN(10 ) 

724 IF(UNIT,3)724,725,728 
725 IF(NCTR,EQ.i)GO To 723 

M 4 ' M N 4 - M M 5 
M 8 . M 4 . N N ( 6 ) . 1 

731 IFIUNIT,18)731.732 
732 BUFFER IN (3,1) (uA (MB ) .u A (M4 )) 

NN(10),Me 
BACKSPACE 3 
00 TO 726 

742 REWIND 3 
GO TO 6000 

728 00 734 ICTR.1,20 
BACKSPACE 3 
PRIN^ 500 

729 IF(UN1T,3)729,730 
730 BUFFER 1N(3,i){UA(MM4),UA(MN4)) 
733 IFIuNIT.3)733.725.734 
734 CONTINUE . 

PRINT 509 
509 FORMATI.O FAILED .) 

http://MM6.MM6.MM5
http://MM3.Mm3.M5
http://MN4.MN4.MM5


1U5 

6000 SftfeVl^ut^ 
RETURN 

P O I N T J l A ) 
N T . I 4 > 

505 F0RMAT(6(5x.E13,5)) 
END 

PRO55:M"E*VERIE***'"'''' ^ 
COMMON/Al/LL(250),E(l7435).CC(6) NN(2l) MR Lr wi unr ,r 

iR ,L .M, j i , j2 , j3 , j4 ;5a,Mir3^;E5;gi ;S^;Si ; f t )^§bSf^^f ,K?i j ' -§ 
?k?,2*l;',2̂ '*'̂ ;'̂ 'i!''̂ '̂ * '•InlM,IuDIM.lLDIM.«JPi,FlGMl,EiQEN 
3EN2,NEXT,K3,MM5,lli,MM4,Kl,K?.NCTR.P0wR2(189,;powR3,189 
4),XK(3),VX(3).TlMEBbG,oUTCON.sEARCON.£IGM3,ScFLUX(l5o.2 
'n'!ii^iIt!?,'??'lJ5^^'''''2S^'12'-'SAVE.ELOHER(27) 
DIMENSION 11(40).MlH(4n),D£LR(40).POHRl(189) EMU(22).AL 

lDELTA(22,26),SVM(i89,26),SIGT(2ft'.25),SlGS(26.25).SIGSi( 
2Q(26.25),CH1(26,25).STB(234.?5).STR1(25.25).VINV(26.25) 
3LHREG(*).CONC(40).Mlx(40),MTIx(?0),NTMlX(2J),QAMMAd0.2 
4 2 6 , 2 5 ) . B E T A ( 2 , 2 6 ) , L R A T E ( 2 5 ) 
EQUIVALENCE(LL(l),MAx).(LL(2).JMAX).(LL(3),NBR).(LL(4). 

1 N D S ) , { L L ( 6 ) , N P S ) , ( L L ( 7 ) . N 0 T ) . ( L L ( 8 ) , I T 0 U T ) , ( L L ( 9 ) . L C 0 ) . 
2 ) , ( L L ( 1 1 ) , L P G ) , ( L L ( 1 2 ) , I B P ) , ( | L ( 1 3 ) , M U T E S T ) , ( L I (14),JSP 
3MIX).(LL(16).MMIX),(LL(17),KREG),(LL(l8).NS0s).(LL(19), 
420),KITl),(LL(21).iauK),{LL(2?),MADj).(LL(23),MFB).(LL( 
5(25),lEXOP),(LL(26).I I),(LL(66).MIR).(LL(10 6),MIX),(LL( 
6(LL(166),NTMIX),(LL(18«),NHGP),(LL(187),MHRER).(LL(l88) 
7(LL(198),LHQP), (LL(Z24).LFRFG). (LL(225)."JRATF), (LL(226) 
EOUIVALENCE(LL(220).NFREO),(Ed)',EPSl),(E(2).£PS?).(6(3 

1 4 ) . F A C ) , ( E ( 5 ) , T H E T A ) , ( F ( 6 ) , S E N ) . ( E ( 7 ) , S G E S ) . ( E ( 8 ) , R R ) . ( 
2E(10).DELR). (E (5.), SIQT )•.(£( 7n0); SIGS), (E( 1350) ,S13S1), 
3SIG),(E(265O),CHI).(£(3300).STR),(E(9i5o).STRI).(£(9775 
410425).ALPHA).(£(10477).BETA).(»(10529).BAMMA).(F(11049 
5(11621),EMU).(E(11643).CONC).,E(11683),P3wRl,,(E(il87?) 

.NAF,I.J, 
1.S2.'flL, 
•EIGEM.EIG 
).sr( 50.26 
6). IJ'l. 

PHA(2',26), 
?6.25 .VUSI 
.LH0P(26), 
.26),tuCK( 

N).(L 
(LL(1 
1. (LL 
N F O S ) 

7 4 ) . r 
146).I 
.LHRE 
.LRAT 
l.EPS 
F(9). 
(£(20 
1. VIN 

)iDEL 
.BuCK 

L (5). 
-).MIK 
(15).N 
' (LL( 
l).(LL 
•TIX). 
C). 
') 
3),(E( 
MN).( 
co),vu 
•),(£( 
TA),(E 
J,(E( 612522).SVM) 

COMMON''2/XL(6000) 
C0MM0N/A2/SS(22,26),AL7(22),U(22),V(22),WU(2?).A0Z(??),A0(?2,3,22) 

1.0lZ(22).0l(22.9),W(n.i2),Pj(ii'.9), 
I P 2 ( 1 1 , 9 ) . A L 1 ' 2 2 , 9 ) , A L 2 ( 2 ? . 9 ) . 7 ( 2 2 ) . S M S C ( 2 2 . 2 ? ) . 

3 L M A X , A ( 1 1 , 2 2 ) , B ( 2 , 1 1 , ? 2 ) , C ( 1 1 , ? ? ) , D ( 1 1 , 2 2 ) , U A ( 6 0 0 0 , 
BANK(o),/2''./A2/,/Aj/ 
BANK(l),REVERSE./Al/ 

C THIS ROUTINE REVERSES THE QROUP ORDER OF THE COEFFICIENT M A T U X 
C NOTE, IF ONLY ONE GROUP, REVERSAL NOT NEEDED 

IFINGR.EO.D QO TO loO 
"EWJND 2 
REWIND 8 
REWIND 3 

1 IF{UNIT,2)1,2 
2 IF(UN1T,8)2,3 
3 IF(UN1T,3)3,4 
4 Ml,NGR/2 

M2.NGR-M1 
Mll»Ml-l 

C FIRST, SKIP DOWN TO LAST GROUP ON TAPE 2 
M3.NN(2).NN(2) 

C IF NQR IS EVEN, SAMk NO. OF GROUPS ON EACH TAPE. OTMERWISF 8 HAS 
C ONE MORE GROUP 

6 M4..3000 
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MI'NN (|N(3) 
IF(NGR.EQ.M1*M1)G0 TO 10 
DO 9 I.1,M3 

BUFFER IN(8,1)(XL(MJ),XL(M6)) 
PRINT 501,M5.M6 
M8.M5 
M9.M6 
M4..M4 
M 5 « M 5 . M 4 
M 6 . N N ( 3 ) 
lF((I*i,EQ,NN(2)),AND.(NN(2).GT.i)>M6«NN(4) 

IF(I.E0.NN(2))M6'NN<5) - . . . 
I F ( ( I , G T . N N ( 2 ) ) , A N D , ( N N ( 2 ) . G T . 1 ) > M 6 , N N ( 6 ) 
PRINT 502,'<8.M9 

M 6 ' M 6 » M 5 ' 1 

7 IF(UNIT,3)7,8 
8 IF(UNIT,8)8,9 
9 BUFFER 0 U T < 3 . 1 ) ( X L ( M 8 ' . X L ' M 9 ) ) 

NOW, POSITION TAPE 8 AT LAST GROUP 
10 MT'Mll.MS 

DO 11 I'1.M7 
BUFFER IN(2,1)(B1,B1) 

11 BUFFER IN(8,i)(Ai,Ai) 
NOW. TRANSFER MATRAClEs FROM TAPE 2 TO TARE 3 
L'2 
K'S 

13 DO 19 J'l.Ml 
DO 16 I.1,M3 
M 6 , N N ( S ) 
lF((I.E0.NN(2)),AND.(NN(2).0T.i))M6iNN(4) 
I F ( I , E 0 , N N ( 2 ) . 1 ) M 6 , N N { 5 ) 
IFI I,GT,NN(2).i)M(,,NN(«) 
M 6 ' M 6 . M 5 - 1 

110 1F(UN1T,L) 110,111 
111 BUFFER IN (L.1)(XL(M5).XL(M6)) 

PRINT 5 0 3 , L , M 5 . M 6 
M8 = M5 
M9.M6 
M4..M4 
M 5 . M 5 . M 4 
PRINT 5o4,K,M8,M9 

14 1F(UN1T,K)14.15 
15 IF(UNIT,L)15,160 

160 BUFFER OUT(K,i)(XL(M8),XL(M9)) 
16 CONTINUE 

IF((L,EQ,3),0R.(J.EQ.Mi)) 180.38 
38 M 7 . M 3 . M 3 

DO 18 1'1,M7 
BACKSPACE L 

17 IF(UN1T,L)17,18 
18 CONTINUE 

180 CONTINUE 
19 CONTINUE 

REWIND L 
REWIND K 
NOW, TRANSFER MATRICIES FROM TAPE 8 TO TAPE ? 
IF{L,E0,8) GO TO ?o 
IF(L.EQ.3) GO TO 100 
L'8 
K.2 
QO TO 13 

http://m5.m5.M4
http://m7.M3.M3
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20 M?l!|!t2̂ ''*̂ '̂'̂ '' ''''°" ^ ^" ' 
K.S 
L.3 
GO TO 13 

100 RETURN 
501 F0RMAT(15H IN ON 8. FROM I6.2HT0 l6) 
502 F0RMAT(i5H OUT ON 3, F R O M I ^ . ^ M T O U ) 

III ^2""^^^' ^** '̂  0NI?,4HFR0M16.?HT0 I6) 
504 FORMAT! 7 H OUT ON 1?,4HFR0MI 6.7HT0 16) 

END 

rRsrRrM'nvK"****"'""*'' 
COMMON/Al/LL(250),E(17439).CC(6 ),NN(21j.xR.Lc, 

I K , L . M , J 1 , J 2 , J 3 , J 4 , J 9 , M I , M 2 , M 3 . M 4 . M 5 , M 6 , M 7 . S 0 M E 
2LGO,NCE,AN,IT,XPT(i5n),iolM,IuDIM,lLDIM,'gpi,FI 
3EN2,NEXT,K3,MM5,IlI,MM4,Kl,K?,NCTR.P0WR2(ia9), 
4),XK(3),VX(3).TlMEBtG,OUTC0N.SEARCON,EIGM3.SrF 
5EMi,MATNO(20), ISET.PROBTd?). ISAvE , ELOWEB ( 27 ) 
DIMENSION II(40),MIH(4o).DELR(40).POWRl(189).E 

IDELTA(22.26),SVM(189,26),SIGT(26,25),SIGS(26. 2 
2G(26,25).CHI(26.25),STR(?34.25,,sTRi(25,25).Vl 
3 L H R E G ( 6 ) . C O N C ( 4 0 ) . M I X ( 4 0 ) . M T I X ( 2 6 ) . N T M I X ( 2 0 > . 0 
426,25),BETA(2.26),LHATE(?9) 

E 0 U I V A L E N C E ( L L ( 1 ) , M A X ) . ( L L ( 2 ) . J M A X ) , ( L L ( 3 ) . N G R ) . ( L L ( 4 ) , N ) , ( L L 
1 N D S ) . ( L L < 6 ) . N P S ) ' ( L L ( 7 ) . N 0 T ) . ( L L ( 8 ) . I T 0 U T ) . ( I L ( 9 ) . L C O ) . ( L L ( 1 » 
2 ),(LL(11),LPG).(LL(12),IDP).(1L(13),MUTEST),(LL(14).JSP),(LL' 
3 M I X ) , ( L L ( 1 6 ) . M M I X ) , ( L L ( 1 7 ) , K R F G ) , ( L L ( 1 8 ) . N S Q S ) . ( L L ( 1 9 ) , N F O S ) . 
4 2 0 ) . K I T 1 ) , ( L L ( 2 1 ) , I H U K ) , I L L ( 2 ? ) . M A D J ) , ( L L ( 2 3 ) , H F B ) . ( L L ( ? 4 ) . tt 
5(25),IEX0P),(LL(26),II).(LL(66).MlR),(LL(in6).MIX),(LL(i46),^ 
*(LLd66),NTMlX),(LL(l86).NHGP).(LL(l87).NHREB).(LL(l88).LHREI. 
7(LL(198).LHQP),(LL(Z24),LFREG).(LL(225),NRATF).(LL(?26).LRATf 
EQUIVALENCE(LL(220),NFRE0),(E(1).£PS1),(E(2),EPS2).(E(3),FPS3 

1 4 ) , F A C ) , ( E ( 5 ) , T H E T A ) , ( E ( 6 ) , S F N ) , ( F ( 7 ) , S G E S ) , ( E ( 8 ) . R B ) . ( F ( 9 ) , > 
2EdO),DELR).(E(5i..),SIQT).(E(7PO),SlGS).(E(l35 0),SlQsl).(E(20t 
3SIG), (£(2650),CHI),(£(3300),STR).(E(9I50).STB1).(E(9775),vlNV 
4104 25),ALPHA),(£(10477),BETA).(£(10929).3AMM 1).(£(11049),DFLT 
5(11621),EMU),(E(11643),C0NC),(E(11683 ),POwRl).(E(1187?).BUCK I 
612522),SVM) 
COMMON/2/XL(6000) 
C0MM0N/A2/SB(22,26).AL7(22),U(22).*'(22). 

122),EMAX,EMIN,MAXMAX,MAXMIN,UA?(3366) 
DIMENSION XBP(22.26) 
E0UIVALENCE(UA2(1).XSP) 
BANK(1),L1NK3,SOURCE,/Al/ 
RANK(o),/2/,/A2/,ExTRAp,CONV 
THIS IS THE MAIN ITERATIVE BRANCH OF THE 
REWIND 4 
E X O . ( T I M E B E Q - T I M E L E F T ( E X O ) ) . . O 0 1 
PRINT 514,EXO 
REWIND 3 
EXl'Ex2=Ex3.Ex4,£x5'EXn,0. 

5l4 FORMATIjTH ITERATION BEGUN AT TIME . F9.3) 
IK»j2 
I F ( ( I G . E 0 , 3 ) . 0 R , ( 1 G . E 0 . . S ) ) I K , J S 
NP1.8 
IF(LPG.E0,2)NPI.4 
KREO'KREG 
£IGEN2'EIGM3 
NEXT'IEXOP.l 
IFIjSP.GT.t;) NEXT'3 
NSOS'NSOS 

N A . N O F . L F . N A F , I , J, 
.SUM. iJ.Si,S2,V0L. 
GM,,giQFN.EiGEl>l.EIQ 
POWR3(la9).sCd50,26 
LUX(150.26).IJNl, 

M U ( 2 2 ) , A L P H A ( 2 I 2 6 ) , 
5).SIGSl(76.25I,VUSI 
NV(26,25).Lw0P(26). 
AMMA(t0.2.26).luCKt 

(5). 
).MIK 
15),N 
(LLI 
).(LL 
TIX). 
). 
) 
).(£( 
IN),( 
0).VU 
).(E( 
A), (E 
,(E( 

S ( I 5 D . 2 2 ) . S L I S ( 1 8 9 ) . > ( 1 5 0 . 

PROGRAM 
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2001 

2000 

If 

36 

37 
38 

42 
43 

109 
110 

1 

658 
659 

112 

111 

113 
517 

OS'NFOS 
. (LGO)2000.2001.2001 
iT'O 
EIOENl.l, 
EIQEN2.1. 

M7,, 

DO Ss J'I.JMAX 
EM.DELR(J)»,5 
EMj.EM 
A4'DELR<J)*l-047l97»5l 
M6.II(J)-l 
DO 37 K.M7,M6 
IF(XABSF(IG).E0.1) QO TO 36 
AM1.XPT(K*1)..2 
AM2«XPT(K.1).XPT(K) 
AM3.XpT(K)*.2 
AM4,AM2*AM2 

EM.A4,(AM1.AM4.3..AM3) 
EM3.A4*(3,.AMi.AM4.AM3) 
UA2(400.K)'EM 
UA2(550.K)«EM3 
CONTINUE 
M7.1I(J) 
IF(XABSFdG).EO,l)GO To 43 
DO 42 J*2,J1 
ALZ(J)',5.(EMU(J).£Mu(J-l)) 
DO 44 J'2,J2 
Ml'Jl.J*l 
UA2(700.J).,5.(EMU(M1).EMU(M1,1)) 
UA2(700*MI)«.5*<EMU(J).EMU(J-I)) 
MM5»1 
K3..3000 
JJJ..6 
NCE.O 
Kl'NNd' 
K2,NN(2) 
MM4.MM5.NN(3)-I 

IF(NGR.EO,I)GO TO 109 
III.2 
IFIUNIT,111)109,110 
BUFFER IN(III,1)(XL(MM5).XL(MM4)) 
IT.IT.l 
IF(IQ)658,659,659 
PRINT 9l7,I,MM4 
DO 27 IJKl'l.NQR 
EXl.TIMELEFT(EXl) 
IF(MADJ)111,H1,112 
I'NQR.IJKl.l 
M80.-1 
M8I.0 
M82'NGR 
MBS,NPS 
GO TO lis 
I'lJKl 
M80,1 
M81.-1 
M82.1 
M83.0 • 
M2'MAX*JMAX.1 
F0RMAT{26H XL READ IN LINK 3. GROUP ,I2,15H NO. OF WORDS »I5) 
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C START THE MAIN ITERATIVE LOOP 
C ZERO OUT THE SOURCE VECTOR 

DO 2 K . 1 , M 2 

UA2(K).o, 
2 S L I S ( K ) . 0 , 0 

C IS THIS THE FIRST GROUP, IF SO. NO SLOWIMQ IN SOURCE 
If(IJKl.l)9,9.3 

C TEST To DETERMINE M H E T M E R T^gpg (5 ^^y O O H N S C A T T E R 
3 I F ( N D S ) 2 0 0 3 2003,5 

C TEST TO DETERMINE FOR P-j DOWNSCATTER 
2003 I F ( N P S > 9 . 9 . 5 

c THIS IS NOT THE F I R S T G R O U P , P R O C E E D T O C A L C U L A T E 

5 M 7 . I 

c PICK Up R E G I O N I N D E X 

DO 8 K.l,JMAX 
C PICK UP MATERIAL INUEX 

C SET UPPER REGION BOUNDARY 

C Mci'ljl> POINT INDEX 

C NO OF loi^TS INCREASES BY ONE AS EACH BOUNDARY IS C B O S S F D , 

M 5 , K . J - 1 

c PICK UP SLOWING O U T G R O U P I N D E X 
M4.I.M80 

C PICK UP TRANSFER VECTOR INDEX 
M3.1.M81 

C PROCEED TO CALCULATE SLOWING IN SOURCE-l D O W N . 2 DOWN ETC. 
IF(NPS)2002,2002.2007 

2007 UA2(M5).UA2(M5).(SCFLUx(J,M4).STRl(M3.M6))..?3B7324i4 
2002 DO 6 M.I,NDS 

C SET DOWNSCATTER LENGTH IN TRANSFER VECTO* 
Ml . 26 - M 

C CALCULATE SOURCE 
SL1S(M5).SLIS(M5).(SC(J.M4).STR(M3,M6))..079577471 

C RESET TRANSFER VECTOR INDEX 
M 3 . M 3 . M 1 . M 8 1 

C RESET SLOWING OUT INDEX % 
C WAS THE LAST SLOWINO OUT GROUP. Q R O U P 1 

IF(M4.Me2)60,7,63 
60 M 4 ' M 4 . M 8 0 

C CONTINUE ON SOURCE FoR THlS POI^'T 
6 CONTINUE 

C NEXT POINT IN REGION 
7 CONTINUE 

C NEXT REGION 
M 7 . I I ( K ) 

8 CONTINUE 
IF(IG)100,9,9 

100 PRINT 500, I 
PRINT 501,(SLIS(J),J.1.M?) 

C IF ITOUT.0, NO FISSIONS 
9 IF(1TOUT)12,12,10 

C ADD FISSION SOURCE P O I N T B ^ POINT 
10 M 7 , 1 

DO 11 K.l,JMAX 
M 6 ' M I R ( K ) 

L'II(K) 
IF(MADJ)46,46,i26 

46 EN'CHI(I,M6) 
GO TO 39 

126 ENdVUSIGII,M6) 
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39 DO 135 J ' M 7 , L 
M5.R.J.1 

135 SLIS'M5)'SLIS(M5)*EN.P0MRl(M5). .679577471 
11 M 7 , I I ( K ) 

If(IG)101,12,12 
101 PRINT 502,1 

PRINT 501,(SLIS(J),J.1,M2) 
C ADD IN FIXED SOURCE POINT BY POINT 

12 DO 13 K.1,M2 
13 SLIS(K).SLIS(K)*SVM(K,l)*,07957747l 

IF (ISUK-5) 1310.1311.1310 
1311 DO 1313 K.1,M2 
1313 SLIS(K).SLIS(K).BUCK(I.26.1) 
1310 IF(IG)102,14.14 
102 PRINT 503, I 

PRINT 501,(SLlS(J).J.l.Mj) 
C BEGIN CALCULATION OF ANGULAR SOURCE VECTOR 

14 sl.IQ 
IK.J2 
IF(XABSF(IG).EQ.3)iK.J3 
SUM.0,0 
M7.1 
DO 21 J'I.JMAX 
M6=1I(J)-l 
DO 20 K.M7,M6 
EM'UA2(400.K) 
EM3.UA2(550*K) 
M5'K.J-1 

C CONTRIBUTION FROM LEFT SjDE OF INTERVAL 
S U M . S L I S ( M 5 ) . E M 

C CONTRIBUTION FROM RIGHT SIDE OF INTERVAL 
SUM.SUM.SLlS(M5.1).eM3 

C EQUATE TO ANGULAR SOURCE AND PLACE IN VECTOR 
U A 2 { K ) . U A 2 ( M 5 ) . E M . U A 2 ( M 5 . 1 ) * E M S 
IF(UA2(K),EQ.o.O) GO To 17 
S<K,J1)»SUM-UA2(K) 
I F ( I K , E 0 . J 2 ) S ( K . 1 , 1 ) . S U M * U A 2 ( K ) 
DO 210 L'2,J2 
Ml'Jl-L*l 
Ll'L-J2.IK 
S(K*l,Ll)'SUM.UA2(70ii*Ml)*UA?(K) 

210 S ( K . M 1 ) . S U M . U A 2 ( 7 0 0 * M 1 ) * U A 2 ( K ) 
00 TO 20 

17 1K.J2 
I F ( ( I G . E O , 1 ) . O R , ( I Q . E O . - I ) ) G O TO 18 

IK.J3 
S(K.J1).SUM 

18 DO 19 L.l,IK 
S(K.1,L)'SUM 
Ml»L*IK 
S(K,M1).SUH 

19 CONTINUE 
20 CONTINUE 
21 M 7 . I I ( J ) 

C THE SOURCES ARE CALCULATED, PROCEED To CALCULATE FLUX 
C ADD IN B O U N D A R Y SOURCES 

DO 200 K.l,IK 
Ml.K.IK 
Sd.K).SB(K,I) 

200 S(MAX,Ml).SB(Ml,l) 
IF((IG.E0,3).0R,(IG.E0.-3))S(MAX,Jl)'SB(Ji.I) 

137 IF(IG)103,104,104 
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103 

104 
^^W ?81 ; i (S (K , j , , j . i , j i ) K.) 
EX2.TIMELEFT(EX2) 

MAX) 

105 

300 
106 
22 
23 

128 
130 

129 

220 

24 

25 
26 

131 
132 

133 
206 
27 

144 
30 

29 
l8o 

2011 
4149 

2049 

2012 

2013 

CALL SOURCE 
E X 3 . T 1 M E L E F T ( E X 3 ) 

IF ONE ITERATION CHECK FOR OUTPUT CONTROL 
IF(10)105,106,106 
PRINT 505 
PRINT 5 01.((S(K,J),J.l.Jl),K.l.MAX' 
PRINT 506, I 
DO 300 L.l,MAX 

PRINT 507, XpT(t.),sc(L.. I), (X(L.K),K'l.jl) 
IF(ITOUT) 22.22,24 
IF(NOT-l) 27,23,23 
If(MADJ)129,129,128 
IF(UNIT,3)128,ISO 
BUFFER 0UT(3,l)(X(i,i),X(MAx.Jl)) 
GO To 27 
If(UNlT,4)129,220 
8uFfER0UT(4,l)(X(l,l).X(MAx,Ji)) 
00 TO 27 
IF OUTER ITERATION PROBLFM. CHECK FOR CONVERGENCE 
IF(NCE) 27,27,25 

IF CONVERGED, CHECK FOR OUTPUT CONTROL 
IF(NOT.l) 27,26,26 
IF(MADJ)i33,i33,i3i 
iFluNIT.3)131,132 
BUFFER 0UT(3,l)(X(l.l).X(MAX,ji)) 
QO TO 2^ 
IF(UNIT,4)133,206 

flUFFER0UT(4,l)(xd.l).x(MAx,J1)) 
CONTINUE 
EX4.TIMELEFT(EX4) 
IFIIT0UT)32,32,29 
MOVE OLD FISSION SOURCE 
DO 180 J.1,M2 

P0WR2( Jj.pOwRK J) , 
CALCULATE NEW FlSSlUN SOURCE AND INTIQRATE 
TEST FOR CONVERGENCE 
EX5.TIM£LEFT(Ex5) 
CALL CONV 
EXI'(TIMEBEG-EXI)..OOI 
E X 2 . ( T I M E B F G - E X 2 ) . . O 0 1 
EX3.(TlMEBEG.£X3)..|)ol 
EX4.(TlMEBEG-EX4)..00i 
EX5.(TIMFBFG-Ex5)..00l 
E X 4 . ( T 1 M F B E G - T I M E L E F T ( F X » ) ) . , O 0 1 
PRINT 515,EXl.EX2.EXS.FX4,EX5.eX6 
IS PROBLEM CONVERGED OB OUT OF ITERATIONS oR FORCED 
IFdJSP.LT.l) ,0R. ( (NOT.Qe.5) .ANn.(HADj.GT.O))) 00 To 20l0 
IF (NCE) 4i49,4i49,2ni2 
KIT'KIT*1 
IF(KIT-KIT1)2049, 2012.2012 
NK4.1 
GO TO 2019 
KIT.O 
NK4.2 
L G O ' . X A B S F I L G O ) 
Sl'EIGENl 
!F(JSP-1)2010,2013.2014 
IF(NFOS)2015.2015,2016 
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'''' 4fe'"T^2ol7 
2016 AL P ' C O N C ( N F O S ) 

2017 PRINT 3000,EIGENl,NSOS,CONC(NSOS),NFOS.ALP 
GO TO 2018 

2014 PRINT 3001.EIGENl.KHEQ.DELR(KREG) 
2018 AJ16'ABSF(EIGEN1.SEN) 
3541 CONTINUE 

IF(AJ16.EPS3)2010,2019.26l9 
2019 IF(IT.ITOUT)2020,2020,712 
712 NCE.NCE.l 

GO TO 2010 
2020 CONTINUE 
2039 00 TO (2010,2021),NK4 
2021 NCE.O 

LPQ'l 
EIGM3.EIGEN2 
DO 6268 IJKi=i,i89 
SLIS(IJK1)'0.0 

6268 POWR2(1JK1).0,0 
LL(i97).o 
RETURN 

2010 IF(NCE.1)1,31,32 
31 IF(N0T.1)32,1.1 
32 DO 6269 IJKl'l,189 

SLISdJKD.O.O 
6269 P0WR2(I JKD.O.O 

LLd97)'4 
202 IF(MADJ)203,203,201 

203 IFIUNIT,4)203.204 
204 BU F F E R 0 U T ( 4 , 1 ) ( S C ( 1 . 1 ) . S C ( M A X . N G R ) ) 

RETURN 
201 IF(UNIT,3) 201,251 
251 BUFFER 0UT(3,i)(SC(i,l),SC(MAX.NGR)) 

RETURN 
713 PRINT516,1II 
514 F0RMAT(29HDEOF OR PARITY ERROR ON TAPE .I2) 

CALL 08QERROR(0,4HBUQ.) 
500 F0RMAT(34H1JUST SLOWING IN SOURCE FOR GROUP 12) 

3000 FORMAT (/33H CONCENTRATION SEARCH PARAMETERS /?x. 
1E12,9,2X,6H C0NC(I3,2H).E14.5.2X',6H CoNCd3,?H)'£ 

3001 FORMAT (/33H DIMENSION SEARCH PARAMETERS /?X. 
IE12,5,2X,6H DELR(Is.2H)aPi4.5 ) 

501 F 0 R M A T ( 6 ( 4 X , E 1 3 , 5 ) ) 
502 F0RMAT(46H1SL0WING IN SOURCE . FISSION SOURCE FOR 
503 F0RMAT(4eHlSL0WING IN . flSSJON * FIXED SoURrES F 
504 FORMAT(34H1 ANGULAR SOURCE VECTOR FOR GROUp I2) 
505 FORMAT (//46H SOURCE VECTOR MULTIPLIED 8Y FACTOR 
506 FORMAT (///47H CHECKOUT SCALAR AND DIRECTIONAL F 
507 FORMAT (5X,8(1X,E13.5)) 
515 F0RMAT{7H TIMEI.F9,J.7H TIME2.F9.3,7H TIME3»F9.3, 

I7H TlME5,F9,3,7H TIME6.F9.3) 
END LINK 3 
SUBROUTINE SOURCE 
C0MM0N/A1/LL(250),£(17439),CC(6)'NN(21).NR.LC,NA. 

1K,L,M,JI.J2,J3,J4.J9.MI,M2.M3.M4,M5.M4.M7,S0ME.SU 
2LQ0.NCE,AN.IT.XPT(19n).IDlM.IuDlM.lL0IM.Npi.£lGMl 
3EN2,NEXT,K3,MM5, I 11, MM4, Kl, K2, NCTR,P0wR2d8»). POW 
4),XK(3),VX(3),TIMEBfcG,nUTC0N,SEARC0N,EIQM3,ScFLUX 
5EMl.MATNO(20>,lsET.PROBTd2).ISAvE'ELOWER,(27) 
DIMENSION II(40),MlR(40).DELR(40').POWRl(ie9).EMU( 
1DELTA{22.26).SVM(18»,26).SIGT(26'.25).SI0S(26.25). 

12H EIGENVALUE* 
14.5 ) 
12H ElOENVALUEa 

GROUP 12) 
OR OROuP I2l 

EO HATRIX > 

LUXES OROUPilS) 

7H TIM£4.F9,3, 

NOF.LF.NAF,I,J, 
M.AJ.Si.S2.*'0L, 
.EIQEN.EIGE^1•EIG 
R3(189),SC(>50,26 
(150.2A).IJ^l, 

2Z).ALPHA(2'.26), 

SI6SI(?6.29).VUSI 
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§ (234 
0) .MT 
(29) 
(LL(2 
.NOT) 
IDP). 
17).K 
.(LL( 
.,(LL( 
).NHG 
.LFRE 
EQ).( 
(4).S 
)'. ( E ( 
300). 
.IETA 
CONC) 

IX( 

).JMAX 
. (LKB 
(LL(p 
RFG).( 
??),M* 
66).MI 
P).(LL 
G).(LL 
F (1). e 
E N ) . (E 
7nO),s 
STR),( 
)•(£(] 

.(£(11 

(22).U(2?) 
XMIN.UA2(33 

.CONV 
1/ 

-1))IK.J? 
-3))IK.J3 

1 
2 

695 
697 
104 

.00 

101 

691 
701 
702 

102 

103 
711 
698 
699 
703 
704 

10 

P i S l A 2 5 ) . C H l ( 2 6 . 2 5 ) , S T B 
L H R E 6 ( 6 ) . C 0 N C ( 4 j ) , M l x ( 4 
2 * . 2 5 ) . B E T A ( 2 , 2 6 ) , L R A T E 
E O U I V A L E N C E ( L L d ) . M A x ) . 
N D S ) , ( L L ( 6 ) , N P S ) , ( L L ( 7 ) 
) , ( L L ( 1 1 ) , L P G ) , ( L L ( 1 2 ) . 
M I X ) , ( L L ( 1 6 ) , M M 1 X ) , ( L L ( 
2 0 ) , K I T l ) , ( L L ( 2 1 ) , l d u K ) 

( 2 5 ) . I E X 0 P ) , ( L L ( 2 6 ) . I I ) 
( L L ( 1 6 6 ) . N T M I X ) . ( L L d 8 6 
{ L L ( 1 9 8 ) , L H G P ) , ( L L ( Z 2 4 ) 
E Q U I V A L E N C E ( L L ( 2 2 0 ) . N F R 
4 ) . F A C ) . ( £ ( 5 ) . T H E T A ) , ( £ 
E ( 1 0 ) , D E L R ) , ( E ( 5 0 , , S I Q T 
S i G ) , ( E ( 2 6 5 0 ) . C H l ) , ( F ( 3 
1 0 4 2 5 ) , A L P H A ) . ( £ ( 1 0 4 7 7 ) 
( 1 1 6 2 1 ) , E M U ) . ( E ( 1 1 6 4 3 ) , 
1 2 5 2 2 ' . S V M ) 
C 0 M M O N / 2 / x L ' 6 0 0 0 ) 
C 0 M M 0 N / A 2 / S B ( 2 2 , 2 6 ) , A L 7 

L 2 2 ) , E M A X . E M I N , M A X M A X . M » 
DIMENSION X H P ( 2 2 . 2 6 ) 
E 0 U 1 V A L E N C E ( U A 2 ( 1 ) , X 8 P ) 
B A N K ( 0 ) , / 2 / , / A 2 / , £ X T R A p 

B A N K d ) , L I N K 3 , S 0 U R C b . / A 
SUBROUTINE SOURCE 
I F d I G . E O . l ) .OR, ( I G . E Q . 
I F ( ( I G . E 0 , 3 ) . O R . d R . F Q . 
M4.MM4 
M5.MM5 
K S ' . K S 
M M 5 » M M 5 * K 3 
MM4.MM4.K3 
N C R . l 
M i l 
I F I U N I T , 1 1 1 ) 1 , 2 , 7 1 3 
I F ( N C R * i . K 2 ) 7 0 1 , 6 9 1 , 6 9 5 
M M 4 " N N f 5 ) * M M 5 - l 
I F ( U N I T , 1 1 1 ) 6 9 7 , 1 0 4 , 7 1 3 
BUFFER I N ( t I 1 , 1 ) ( X L ( M M 5 
J 5 ' j 5 * l 
I F ( I G ) 1 0 0 , 1 0 1 , 1 0 1 
PRINT 5 0 1 , l , N C R , M 4 , M 5 , M M 
M 3 » M M 5 - K 3 
PRINT 5 0 3 , ( X L ( J ) , J . M 3 . M 4 
N C T R . 1 
GO TO 7 1 1 
M M 4 . N N ( 4 ) . M M 5 - 1 
I F ( U N I T , 1 1 1 ) 7 0 1 , 7 0 2 . 7 1 3 
BUFFER I N d l I . 1 ) ( X L ( M M 5 ) . X L ( M M 4 ) ) 
J 5 . J 5 . 1 
I F ( I G ) l o 2 , l o 3 , l o 3 
PRINT 5 0 2 , 1 . N C R , M 4 , M 5 . M M 
PRINT 5 0 3 , ( X L ( J ) , J . M 5 , H 4 
N C R . N C R . l 
CONTINUE 
M 3 » M 5 
DO 12 L » 2 , J l 
K ' L - 1 
DO 10 J J = L , J 1 
S < M , J J ) . S ( M , J J ) * X L ( M 3 ) . S ( M , K ) 
M 3 » M 3 . 1 

2 5 ) , S T R l ( 2 5 . 2 5 ) . v l N V ( 2 6 . 2 5 ) . L H 0 P I 2 6 ) , 
( 2 1 ) ) < N T M l X ( 2 0 ) , G A M H A d O . 2 . S 6 ) » * U C K ( 

) . ( L L ( 3 ) , N S R ) . ( L L ( 4 ) , N ) , ( L l ( 5 ) , 
) . I T O U T ) . ( L L ( 9 ) , L C 0 ) , ( L L ( 1 - ) . M I K 
) , M U T B S T ) , ( L L ( 1 4 ) . J S P ) , ( L L ( 1 5 ) , N 
L L d B ) . N S 0 s ) . ( L L d 9 ) , N F 0 S ) < ( L L ( 
[ ' J ) , ( L L ( 2 3 ) , M F R ) , ( L L ( ? 4 ) , I i . ) , ( L L 
R ) , ( L L ( i r j 6 ) . M I X ) . ( L L ( j 4 6 > . ' ' T I X ) , 

( 1 8 7 ) . N H R E G ) , ( L L d 8 8 ) . L w R B « ) . 
( 2 2 5 ) , S R A T F ) , ( L L ( ? 2 6 ) , L R A T E ) 
^ S l ) , ( E ( 2 ) . E P S ? ) . ( S ( S ) , E P S J ) , ( E ( 
' 7 ) . S G E S ) ' ( E ( 8 ) . R R ) . ( C ( 9 ) . X I N ) . ( 

I G S ) , ( ! < 1 3 5 0 ) . S I O s l ) , ( £ ( 2 0 ^ 0 ) , V U 
E { 9 i 5 o ) , S T p i ) . ( E ( 9 7 7 9 ) , v I N V ) , ( E ( 

0 5 2 9 ) . B A M M A ) . ( f ( l l 0 4 « ) . D E L J A ) < ( E 
6 8 3 ) , P 3 w R l ) , ( E ( 1 1 8 7 ? ) , B u C K , ( E ( 

V ( 2 2 ) . S ( l 5 o , 2 2 ) . S L l S d 8 9 ) , J ( 1 5 0 , 

6 6 ) 

) , X L ( M M 4 ) ) 

4M4,MM9 

14) 

<M4,MM5 
«4) 
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IF(M-MAX)759,1Z,12 
705 tlO 706 JJ.i, IK 

S(M.l,JJ).S(M.l,JJ)*xL(Ms)*S(M,K) 
706 M 3 ' M 3 . 1 

1 F ( M F R . N E , 1 ) G O TO IZ 

DO 22 JJ'1,J2 
S ( M A X , J J . J 2 ) = S ( M A X , J J * J 2 ) * X L ( M S ) * S < M . K 1 

22 M3.M3.1 
12 CONTINUE 

I F ( M - M A X ) 7 1 4 , 1 S , 1 3 
714 DO 715 JJ.l,IK 

S ( M * I , J J ) . S ( M . I , J J ) * X L ( M 3 ) * S ( M , J 1 ) 
715 M 3 ' M 3 . 1 

I F ( M F R . N E , 1 ) G 0 TO 13 
DO 21 JJ'l,J2 
S < M A X , J J . J 2 ) = S < M A X . J J * J 2 ) * X L ( M 3 ) * S < M ' J 1 ' 

21 M 3 . M 3 « 1 

13 M.M.i 
707 IF(M-MAX)708,708.70» 
708 I F ( M 3 . M 4 ) 6 9 9 , 7 1 0 , 7 1 0 

709 GO TO 832 
710 M4«MM4 

M5.MM5 
K3..K3 
MM5.MM5.K3 
MM4.MM4.K3 
GO TO 2 
SUBROUTINE FLUX 

832 NCR.l 
200 IF(UN1T,3) 200,201 
201 IF(UNlT,4) 201,202 
202 M.MAX 

SUM.o, 
M 5 ' M M 5 
M4.MM4 
K3..K3 
MM5'MM5*K3 
M M 4 . N N ( 6 ) * M M 5 . 1 

840 IFIUNIT,111)840,789.819 
789 IF{ K 2 - N C R ) 7 9 0 , 7 9 0 , 7 9 1 
790 I F ( N Q R . E Q , 1 ) GO TO 680 

IFdJKi .NE.NGR/2) GO To 480 
REWIND 2 
I I I . 8 

680 IFdJKi.NGR) 792,28,?8 
28 REWIND I I I 

IF(NGR.NE,1) GO TO 29 
JJJ. -JJJ 
III.III.JJJ 
GO TO 3i 

29 III.2 
31 MM4.MM5.NN(3)-1 
32 IF(UN1T,111)32,33 
33 BUFFER INd I 1,1) ( XL (MM5)', XL ( MM4 )) 

GO TO 811 
792 M M 4 . N N ( 3 J . M M 5 . 1 
795 IF(UNIT,111)795,796,819 
796 BUFFER INd I I. I) ( XL ( MM9 )'. Xu (MM4 ) ) 

IF(IG)105,106,106 
105 PRINT 505,I,NCR,M4,M5,MM4,MM5 

PRINT 503,(XL(JC).JC'M5.M4) 
106 00 TO 811 
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^^^mk'\m:wtiiim,.,,,,..,, 
J9'J5*1 
NCR'NCR*1 
IF(IG)107,811 811 

107 PRINT 506,I,NCR,M4,M5,MM4,MM5 

811?rTlN"'''''"''''^'='''"^'" 
798 M3.M5 
808 MipJi.i 
799 DO 15 L'1,J1 

IF(M,GE,MAX)GO TO 8^7 
I F { M F R . N £ , I , G 0 TO 8O5 
I F I M . G E . M A X . D Q O TO 805 
DO 23 JJ.1,J2 
K.J2-JJ.1 

SUM.SUM.X(MAX,K)*XI_(M3) 
23 M3.M3.1 

805 IF(L-J2.1)806,809,809 
806 DO 16 JJ'l.Jl 

K.Jl.JJ.l 
S U M . S U M . X ( M . 1 , K ) . X L ( M 3 ) 

16 M3.M3.1 
00 To 807 

809 IF(M.NE,MAX.I) GO TO 8n7 
IF(MFR.NE,1) GO To ».7 
DO 24 JJ'l.J? 
K.J2.JJ.1 
S U M » S U M . X ( M A X , K ) . X L ( M 3 ) 

24 M3'M3*1 
807 DO 14 JJ.Ml,Jl 

K.Jl-JJ.Ml 
SUM.SUM.X(M,K).XL(M3) 

14 M3"M3.1 
Ml.Ml.l 
X(M,M1).(S(M,M1)-SUM)/XL(M3) 
SUM'0.0 

15 M3.M3.1 
IF(M.1)816,816.815 

815 M'M.l 
IF(M3.M4)808,808,81(1 

616 DO 628 M'I.MAX 
625 SUM'0,0 

SOME't.0 
IK2.1 
KQ'XABSF(IG) 
1F(KG E0.3) IK2,2 
DO 827 J'lK2.Ji 
If(KG.E0.3) GO TO 30 
SUM.SUM.ALZIJ).X(M. J) 
00 TO 827 

30 S U M . S U M * A L Z ( J ) * ( X ( M . J ) . X ( M . J - 1 ) ) 
827 CONTINUE 

If(NPS.EO,0) GO TO 833 
no 83i J.2,J2 
M 3 » J 1 . J * 1 
EM.EMUIJ).EMU(J.l) 
If(KG,E0,i) GO TO 34 
E M 3 . - V ( M 3 . 1 ) 
EM4.-u(M3»l) 
00 TO 35 

34 EM3.U(J) 
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35 |0ME = S0ME.EM.(U(J).X(M,M3).V(J).X('',M3*l).EM3*X(M, J).EM4*X(MlJ.l)) 

831 CONTINUE 
SCFLUX(M,l).S0ME»6,Z83l893l 

833 SC(M,I).SUM. 6.Z8318531 
828 CONTINUE 
830 RETURN 
818 M4.MM4 

M5.MM5 
K3..K3 
MM5.MM5.K3 
MM4.NN(6)*MM5.I 
QO To 840 

819 PRINT 500,111 
CALL O8QERROR(0,4HBUQ,) 

713 PRINT 500,111 
CALL O8QERROR(0,4HBUG.) 

501 F0RMAT(29H UPPER READ IN SOURCE. QRQUP I 2,14.l6.I6.16.I6> 
502 F0RMAT(29H LOWER READ IN SOURCE. GROUP 12.14.16,16.14.16' 
503 F0RMAT(6(4X,E13,5)) 
904 FORMAT(29H0EOF OR PARITY ERROR ON TAPE 12.BR IN FLUX) 
905 F0RMAT(27H LOWER READ IN FLUX. GROUP 1 2.1 4,l6.16.14,14' 
506 F0RMAT(27H UPPER READ IN FLUX. GROUP I 2.I 4. I 6, I 6. I 6.I 6) 
500 FORMAT(29H0EOF OR PARITY ERROR ON TAPE I2.10H IN SOURCE) 

END 
SUBROUTINE EXTRAP 
COMMON/A1/LL(250),E(17439),CC(6), NN(21).MR.LC.NA.NOF.LF.NAF,! 

1K.L,M,JI,J2,J3,J4,JS,MI,M2,M3.M4,M5,M4,M7,S0ME.SUM,AJ,SI,S2,V 

2LGO.NCE.AN.IT.XPT(19 0).IDIM.IUDIM.ILD1M,NPI.EIQM1.BIQ£N.EIQEN 
3EN2,NEXT,K3,MM5,I 1 I.MM4.Kl. K?.NCTR, P0WR2( 189). P0WR3(189),SC(1 
4),XK(3),VX(3).TIM£pbO,oUTCON.SEARCON,ElQM3.ScFLUX(150.26).IJ'' 
5EM1,MATNO(20),1SET.PROBT(12).ISAVE'ELOWER(27) 

DIMENSION I1(40).MIH(40)'. DELR(4n).P0WRl{189).EMU(22),ALPHA(2', 
lDELTA(?2.26),SVM(i89,26)'.31GT(26'.25),SIGS(26,25).SI0Si(?6,29> 
2G(26,25).CHI(26,25).sTR(234,?5),STRl(25,25).vlNV(26,25l,LHGP< 
3LHREG(6),CONC(40),MIX(40),MTIX(20),NTMIX(20).OAMMA(10,2,26),« 
426,25).BETA(2,26).LRATE(25) 

EQUIVALEMCE(LLd).MAX).(LL(2).JMAXl.(LL(S).N0R).(LL(4).N'.(LL 
iNDS),(LL(6),NPS).(LL(7),N0T), (LL(8), ITOUT). <LL(9). LCO), (LL(lt 
2),(LL(11),LPG).(LL(12),IDP),(LL(i3),MUTEST), (LL(14), JSP), (LLI 
3MlX),(LL(16).MMlX),(LL(17),KRFO).(LLd8).NSOs),(LLd«).NroS)> 
420),K1T1),(LL(21), 1HUK),(LL(??),MADJ),(LL(23),MFR).(LL(?4),fl 

5(25),IEXOP),(LL(26).!l),(LL(46),MlR),{LL(106),MIX),(LL(l46)<'^ 
6(LL(166).NTMIX).(LLd86).NHGP).(LLd8 7).MHREG). (LL (188 ' .LHRBC 
7(LL(198),LHQP).(LL(Z24).LFREG) . (LL(225),NRATE) . (LL(224),LRATI 
EQUIVALENCE(LL(220).NFRE8).(B(1),£PSI).(i(21,EPS?).(i(3).EPSJ 

14).FAC).(E(5).THETA).(£(4).SEN>•(E<7).SGES)•(E(8).RH).(E(9).* 
2E(10),DELR), (E(50),3IQT)', (£(700)', SlOS), (B(l350).Siasl), (E(2 0 ' 
3 S I G ) , ( E ( 2 6 5 0 ) , C H 1 ) , ( E ( 3 3 O O ) . S T R ) , (E(9I5O),STRI).(E(977S),VINV 
410425).ALPHA).(£(10 477),BETA).(£(10529),aAMMA).(£(11049),DELT 
5(11621),EMU),(E(11643).CONC).(£(1168S), POwRl),(E(1187?),BuCKI 
*12522).SVM) 
COMMON/2/xL<6000) 
COMMON/A2/SB(22,26),ALZ(22),U(2?).V(22),S(l50.22),SLlSd89),)i 
122),EMAX,EMIN,MAXMAX.MAXMIN,UA2I3366) 
DIMENSION XBP(22.26) 
EQUIVALENCE(UA2(1).XBP) 
BANK(1),LINKS,SOURCE./A1/ 

BANK(0),/2/,/A2/.EXTRAP.CONV 
DIMENSION XBP1(22,26),XBP2(22.?6) 
NCHMAx.4 
QO TO (30.19.10).N£XT 

.J. 
OL, 

i .Et ia 
90,26 
1. 

26), 
,vusi 
26), 
UCK( 

(5), 
),MIK 
15),N 

(LL< 
),(LL 
TIX), 
), 
) 
),(E( 
IN).( 
0),VU 
),(E( 
A),(E 
,(E( 

(ISO, 

http://MM5.MM5.K3


117 

30 I5 ; ' i i - ' i f i> ;o .9 
»0 80 Tn(6i,6!).M 

0,40 

62 SIQO'(EIGEN.l,)/(EiaMl-l.) 
00 TO 125 

. t i ?i?2Ti^'^*''-^^'^'''<E'<5"Xl.ElGMNl) 
125 IF(SIQO) 200,200.131 
131 IFIsIQO'l.' 126,124.200 
126 AL.2./(2..SIG0) 

EMl.2,0/SIOO-i.o 
SIQOT'O. 

70 NCH.i 
NCHT.NCHMAX 
NSIOT.l 
00 TO 156 

40 NCH.NCH.l 
IF(NCH-NCHT )5o,5o,6o 

60 IF(SlGoT) 70.70,80 
80 SIGQ.SIQOT 

00 TO 131 
50 IF(NCH-3)51,100,110 
51 GO TO(140,141),M 

141 C E I 0 . ( E M A X . E M I N ) » . 5 - I . 

QO TO 210 
140 CEIQ.EMAX.EMIN 

QO TO 210 
100 CM.EMI 

CHl.l 
QO TO 2l0 

110 OLDC'CHl 
CHl.CH 
CH.2.0*EMi.CH.OLDC 

160 GO T0(161,162),M 
162 ER.((EMAX»EM1N).,5.1.)/C!IO 

QO TO l8i 
161 BR'(EMAX-EMIN)/CEIB 
181 BE O . E R . C H 

IFlBEO-i.) 183.182.182 
182 CSHIBO'LOGF(BEO*SORT(BEO**2«i.6)> 

ENCH.NCH-l 
XEMI.CSHIBO/ENCH 
BEE0'((EXP(XEMl)).i./(EXP(XEM5))).,$ 
SIG0T'S1G0*(BEE0*1.)/2. 

183 tF(ER.1.0)190,200,200 
200 NP1,IT*2 
201 NCH.O 

NSIGT.l 
00 TO 10 

190 QO To (191,210),NSlUT 
191 IF(SIGOT)210,210,221 
221 NCHT.NCH.4 
260 NS1QT»2 
210 EL.NCH 

Q « L 0 G F ( E M 1 * S 0 R T ( E M 1 * . 2 . 1 . ) ) 

XEMi.EL.G 
ENCH'((EXp(X£Ml)).l./(EXp<X£Ml)))..! 
XEM1.(£L-1.0).Q 
XEM2.((EXP(XEMl)).i./(£XP(XEMi))).,» 
A M » ( 4 . / S I G 0 ) * X E M 2 / E N C H 
xEMlp(EL-2,0).G 
XEM2«((EXP(XEMI))*J.,T/(EXP(XEMI)))*.J 
B E » X E M 2 / E N C H 

GO TO 157 
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10 SIGO'0.0 
00 TO 3oO 

19 IF(lT.l)10.10,20 
20 DO 21 K.1.M2 

21 POWRl(K).POWRl(K).THETA*(POWRl(K)-P0WR2(K)) 

QO TO 300 
156 DO 158 K . 1 , M 2 

POWR3(K).P0wR2(K) 
158 P O W R 1 ( K ) » P O W R 2 ( K ' * A L * < P O W R 1 ( K ) - P O W R 2 ( K " 

00 TO 300 
157 DO 159 K ' 1 , M 2 

H0LD'P0WR3(K) 
159 P 0 W R 1 ( K ) « P 0 W R 2 ( K ) . A M . ( P 0 W R 1 ( K ) - P 0 W R 2 ( K ) ) . B E * ( P O W R 2 ( K ) - H O L D ) 

300 EIGMXi'EMAX 
EIGMNI'EMIN 
RETURN 
END 
SUBROUTINE CONV , ., , . , 
COMMON/A1/LL(290),£(17439). CC(6),NN(21).NR.LC. NA.NOF.LF.NAF,I,J, 

I K , L , M , J I . J 2 , J 3 , J 4 . J 9 , M I . M 2 . M 3 . M 4 , M 5 . M 4 . M 7 . S O M E , S U M . A J . S I , S 2 , V 0 L , 
2LG0,NCE,AN,IT.XPT(190),IDIM,1UDIM.ILDIM,NPI.F1GM1.EIQEN,EIGEK1.EIQ 
3 E N 2 , N E X T , K 3 , M M 5 , I I 1 . M M 4 . K 1 . K 2 . N C T R , P O W R 2 ( 1 8 9 ) . P O W R 3 ( 1 R 9 ) . S C ( I 5 0 , 2 6 
4 ) , X K ( 3 ) , V X ( 3 ) , T I M £ B 6 Q . O U T C O N . S E A R C O N . E 1 G M 3 . S C F L U X ( 1 5 0 . 2 6 ) . I J " 1 . 
5 E M 1 . M A T N 0 ( 2 0 ) . I S E T . P R O R T ( 1 2 ) . I S A V E . E L O W E R ( 2 7 ) 
DIMENSION lI(40),MlH(4o).DELR(40).POWRld89).EMU(22).ALPHA(2,26), 

I D E L T A ( 2 2 . 2 6 ) . S V M ( 1 8 V . 2 6 ) ' . SIGT(26.25).SlGS(26.25),SI0Sl(?6,25|.VUSI 
2 G ( 2 6 . 2 5 ) . C H I ( 2 6 , 2 5 ) . S T R ( ? 3 4 . 2 5 ) . S T R 1 ( 2 5 . 2 5 ) . V I N V ( 2 6 . 2 5 ) . L H G P < 2 6 ) . 
3 L H R E G ( 6 ) . C O N C ( 4 0 ) . M I X ( 4 0 ) , M T I X ( ? 6 ) » N T M I X ( 2 0 ) . G A M M A ( I 0 . 2 . 2 6 ) . ' U C K ( 

4 2 6 , 2 5 ) . B E T A ( 2 , 2 6 ) , L R A T E ( 2 5 ) 

EQUlVALENCE(LLd).MAx). ( L L ( 2 ) . J M A X ) . ( L L ( 3 ) , N 0 R ) , ( L L ( 4 ) , N > , ( L L < 9 ) , 
1NDS),(LL(6),NPS),(LL(7),N0T), (LL(e),IT0UT).(LL(9).LC0).(LL(l-).MIK 
2),(LL(11),LPG).(LL(12).1 OP).(LL(J3), MuTEST), (LL(14).JSP),(LL(15),N 
3MIX),(LL(16).MMlX).(LLd7).KRE0).(LL(l8).NS0s),(LLd9).NF0S)>(LL( 
420),KITl),(LL(2l),IBUK).(LL(2?).MlDj),(LL(23).MFR),(LL(?4).I-).(LL 
5(25), lEXOP), (LL(26).I I), (LL(66).MIR).(LL(106).MIX). (LL(i46)<"'TIX), 
6{LL(166).NTMIX).(LLd86).NHGP).(LUd87).NHREn), (LLd88) -LHREI"). 
7(LL(198).LHGP).(LL(Z24),LFREG).(LL(225),MRATE).(LL(226).LRAT ) 
EQU I VALENCE (LLI 220 ) . N F R E G ) . (E (1)'. E P S I ), ( E ( 2 ) . EPS? ). (E(3).EPS3 ). (E( 

14).FAC).(E(5).THETA).(F(6),SEN).(E(7),SGEs)'(E(8),RR),(F(9).XIN),( 
2E(10).DELR). (E(5i),S!QT)'. (E(700);sIGS), (E(l350).SIQSl), (E(20C0),VU 
3SIG),(E(2650).CH1).(E(3300).STR),(E(9i50).STRI).(£(9779),V IN«),(E( 
410425),ALPHA),(£(10477),BETA).(£(10529),QAMMA).(£(11049),DELIA),(£ 
5(11621),EMU),(£(11643).CONC). (£(11683),PDWR1).(E(11872).BuCKI,(E( 
612522).SVM) 
COMMON/2/xL(6000) . . .^. 
C0MM0N/A2/SH(22,26).AL7(22).U(2?). V(22),S(l5o,22).SLlS(l89),)i(150, 

122),EMAX.EMIN.MAXMAX.MAXMIN.UA2(3366) 
DIMENSION X B P ( 2 2 . 2 6 > 
EQUIVALENCE(UA2(1),XRP) 
RANK(1),LINKS,SOURCfc./Al/ 
BANK(0),/2/./A2/.EXTRAP.CONV 

CCONV 
C THIS SUBROUTINE TESTS FOR CONVERGENCE 

CALCULATE FISSION DENSITY AT EACH POINT 
M 7 . 1 
IG.XABSF(IG) 
SOME.0.0 
DO 18 K ' I . J M A X , 
M6.MIR(K) 
L'II(K) 
DO i9 J.M7,L 
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M5.K.J-1 
|F(j.Eo.M7) 

10 
5 

6 
20 

19 

18 

100 

to i 

|f(j.?0iM7) GO TO 10 
EM,uA2(399.J) 
EM3,UA2(549.J) 
QO TO 5 
EM,EM3,0.0 
SUM.0,0 
DO 20 I'l,NGR 
IF(MADJ,GT,0) GO TO 6 
SUM.SUM.SC(J.I).VUSIQ(I,M6) 
QO TO 20 
SUM.SUM.SC(j.I)*CHItI.M6) 
CONTINUE 
P 0 W R 1 ( M 5 ) . S U M 

SOME.SOME.POWRl(Ms-i).EM .SUM.EMS 
CONTINUE 
M 7 , I 1 ( K ) 

CONTINUE 
EIQENl'SOME 
IF(S2) 100,102,100 

102 
105 
103 

104 

110 

13 

14 
15 

1» 

115 

120 

40 
72 

41 
300 

43 
44 
45 
46 
50 

ll \;3^ J iuu,iu«,iuu 
S2'0.0 IMPLIES THERE ARE FIXED SOURCES SO DONT NORMALIZE 
EIGENl'EIGENl/FAC 
M2.MAX.JMAX.1 
DO lol K'1,M2 

P 0 W R 1 ( K ) « P 0 W R 1 ( K ) / E I Q 6 N 1 

M.I 
00 TO io5 
M42 
I F ( N O T - 3 ) 1 0 4 , 1 0 3 . 1 0 4 

PRINT 501, IT 
PRINT 502, (POWR1(K).K'»1.M2) 
EMAX'1.0 
EIGM1,EIGEN 
EIQEN.EIGEN1/EIQEN2 
EMIN.l. 
DO l6 1,1,M2 
IFIPOWRKD) 110.16,110 
SUM.PQWRK I) / P 0 W R 2 ( I ) » 
ir(EMAX.SUM) 13,14,14 
EMAX'SUM 
MAXMAXal 
IF(SUM.EMIN) 15,16.16 
EMIN'SUM 
MAXMlN.l 
CONTINUE 
IF(LC0' 115,115.120 
S 0 M E . A B S F ( ( E M A X . E M 1 N ) / E M A X ) 

IF(SOME.EPSi) 5Q.5(|.4O 
S 0 M E ' A B S F ( ( E I G E N 1 - E I Q E N 2 > / E I G F N 1 ) 
IF(SOME.EPSI) 50.40.40 
EIGEN2.EIGENl 
PRINT 500,IT'E1QEN1.EMAX'.MAXMAX.EMIN.MAXHIN.SOME.EPS1 
IF(S2) 41,43.41 
IFdT.3) 44.300,300 
CALL EXTRAP 
GO TO 44 
EIOEN 1.1, 
IF(IT.ITOUT) 45,51,91 
CONTINUE 
RETURN 
IF(IT.l) 40,40,51 
MUST GO AT LEAST TWO ITERATIONS 
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E.EPSl 

T EMiN POINT 
X.El2.5,I4.3X; 

lt)rAi^5;^l'2','6ii'. 
M l , e i Q E N . E I G E M . E I Q 
0 W R 3 ( 1 R 9 ) , S C ( ' 5 0 , 2 6 
U X ( 1 5 0 , 2 6 ) , I J I ' l . 

U ( 2 2 ) . A L P H A ( 2 ' , 2 6 ) , 
).SIQSi(26.29',VUSI 
V(26.25),LHGP'26), 
MMA(lO,2,26),'IUCK( 

2oi ^li1^^^loO°^'^UlGENl,£MAX.MAXMAX.EMlN,MAXMlN,SOM 

55 NCE'NCE •I 

GO TO 46 

500 FORMAT(56H0ITER, EIGENVALUE EMAX POIN 
1,4X,22HCAL,.EPS, INP..EPS../?X.l2,3X,Ei2.5,i 
2E12.5,I4.3X.£12.5,lX,El2.5) 

501 FORMAT(30H1 FISSION DENS I TV-ITERAT1 ON 12) 
502 F0RMAT(8(iX,Ei2,5)) 

END 

C * * * * * * * * . . . . . . . . . . . . . . . O V £ R L A Y 4.........*...*.**... 

PROGRAM LINK 4 
C O M M O N / A l / L L ( 2 5 0 ) , E d 7 4 3 9 ) , C C ( 6 ) , N N ( 2 1 ) . N R . L e i N 

1 K . L . M , J 1 , J 2 , J 3 . J 4 , J 9 . M I . M 2 . I 1 3 . M 4 , M 5 , M 4 , M 7 , 6 D M E . 
2 L Q O . N C E . A N . 1 T . X P T ( 1 9 0 ) . I D I M . I U D I M . I L D 1 M , N P I . F 1 G 
3 E N 2 , N E X T . K 3 , M M 5 , 1 1 I , M M 4 , K 1 , K 2 . N C T R . P 0 W R 2 ( 1 8 9 , , P 
4 ) , X K ( 3 ) . V X ( 3 ) . T I M E B E G , 0 U T C 0 N , S E 4 R C D N , £ 1 G M 3 . S C F L 
9 £ M l , M A T N O ( 2 0 ) , I S E T . P R O B T ( 1 2 ) . I S A V E i E L O W E R ( 2 7 ) 

DIMENSION I l ( 4 0 ) , M I R ( 4 n ) ' . D E L R ( 4 f i ) , P 0 W R l ( 1 8 9 ) . E M 
IDELT A ( 2 2 , 2 6 ) . SVM ( 1 8 V . 2 6 ) ' . S I G T ( 2 6 . 2 5 ) , S I OS ( 2 6 . 25 
2 G ( 2 6 , 2 5 ) . C H l ( 2 6 , 2 5 ) . S T R ( 2 3 4 . 2 5 ) . S T R l ( 2 5 . 2 5 ) . V I N 
3 L H R E G ( 6 ) , C O N C ( 4 0 ) . M I X ( 4 0 ) , M T I X ( 2 6 ) , N T M I X ( 2 3 ) , Q A 
4 2 6 . 2 5 ) , B E T A ( 2 , 2 6 ) , L R A T E ( 2 5 ) 

B Q U 1 V A L E N C E ( L L ( 1 > . M A X ) , ( L L ( 2 ) . J M A X ) , ( L L ( 3 ) . N G R ) , ( L L ( 4 ) . N ) , ( L L ( 5 ) . 
l N D S ) , ( L L ( 6 ) , N P S ) , ( L L ( 7 ) , N 0 T ) , ( L L ( 8 ) , l T 0 u T ) , ( L L ( 9 ) . L C 0 ) , ( L L ( i e ) , M l K 
2 ) , ( L L ( l l ) , L P G ) . ( L L ( 1 2 ) , I D P ) , ( I L ( p ) , M u T £ S T ) , ( L L ( 1 4 ) , J S P ) , ( L L d 5 ) , N 
3 M I X ) . ( L L d 6 ) . M M I X ) . ( L L ( 1 7 ) . K R F G ) . ( L L d 8 ) . N S 0 s ) . ( L L d 9 ) . NFOS) K L L I 
4 2 0 ) , K l T l ) , ( L L ( 2 1 ) , I H U K ) . ( L L ( 2 ? ) . M A D j ) , ( L L ( 2 3 ) , M F R ) . ( L L ( 9 4 ) , I t ) , ( L L 
5 ( 2 5 ) , 1 E X 0 P ) , ( L L ( 2 6 ) , I I ) , ( L L ( 6 6 ) . M I H ) . ( L L ( 1 0 6 ) . M I X ) . ( L L ( l 4 6 ) . ^ T I X ) , 
6 ( L L ( 1 6 6 ) . N T M I X ) , ( L L d 8 6 ) . N H G P ) . ( L L d 8 7 ) . M H R E n ) . ( L L d 8 8 ) . L H R B t ) . 
7 ( L L ( 1 9 8 ) , L H G P ) . ( L L ( Z 2 4 ) , L F R E G ) . ( L L ( 2 2 5 ) , M R A T F ) . ( L L ( 2 2 6 ) . L R A T E ) 

EQU I VALENCE ( LL( 22 0 ) . N f REG) . ( £ ( i ) ' , E P S l ) , ( E ( 2 ) , E P S 2 ) . ( E ( 3 ) . E P S 5 ) . ( E ( 
1 4 ) , F A C ) , ( E ( 5 ) . T H E T A ) . ( E ( 4 ) . S E N ) , ( E ( 7 ) , S 0 E S ) . ( E ( 8 ) . R R ) . ( E ( 9 ) , X I N ) , ( 
2 E ( 1 0 ) , O E L R ) . ( E ( 5 0 ) . S I Q T ) ' . (E ( 7 0 0 ) , S l G S ) , ( E ( 1 3 5 0 ) , S I Q S l ) , ( E ( 2 0 e O ) , V U 
3 S I G ) , ( E ( 2 6 5 0 ) , C H I ) , ( £ ( 3 3 0 0 ) . S T R ) , ( E ( 9 I 5 O ) . S T R I ) . ( £ ( 9 7 7 9 ) ; V I N » ) , ( E { 
4 1 0 4 2 5 ) . A L P H A ) . ( £ ( 1 0 4 7 7 ) , B E T A ) . ( £ ( 1 0 5 2 9 ) . 3 A M M A ) . ( £ ( 1 1 0 4 9 1 , D E L T A ) , ( E 
5 ( 1 1 6 2 1 ) , E M U ) . ( E ( 1 1 6 4 3 ) , C O N C ) . ( E ( l l 6 8 3 ) , P 0 W R l ) . ( £ ( 1 1 8 7 ? ) , B U C K I , ( E { 
* 1 2 5 2 2 ) . S V M ) 

E0UIVALENCe(UA.uA2) 
D I M E N S T O N U A 2 ( 4 0 0 ) . S I G C A P ( 2 6 . 2 5 ) . S I G C A V { 6 9 0 ) . S I G 

1 ( 6 5 0 ) , E S C A P ( 2 6 , 4 1 ) , E E A K ( 4 0 , ? 6 ) 
COMMON/2/ESC Ap 1 ( 1 0 6 6 ) , £ E A K l d 04 0 ) . B S C ( 4 0 . 2 6 ) ,BS 

l D 0 N ( 5 ) . S I G T H ( 2 6 , 6 ) , b I G s H ( 2 6 , 6 ) . S I G S l H ( 2 6 . 6 ) . S T R 
2 ) , V U S 1 G H ( 2 6 , 6 ) 
COMMON/A2/SB(22,26),AL7(22).u(2?).V(22).x;i5o,2 

1XFLUX(150,22),SCPROU1(190),SCPROD2(150),SCPRODS 
2,SCjF(40.26),SCJA(4tl,26)', UA(4oO).SCpRi(40) .SCP 
3 6 ) . C H I H 1 ( 2 6 ) . V O L H 1 ( 4 O ) . U A 3 ( 1 3 ) . V 0 L H ( 1 0 ) 

E 0 U I V A L E N C E ( E S C A P 1 , E S C A P . S I G F I S . S I G F I V ) . ( E E A K 1 
DIMENSION C C A ( 2 6 ) , C C F ( 2 6 ) . C C S ( Z 6 ) , C C S I ( 2 4 ) 
B A N K ( 0 ) . / 2 / , / A 2 / 
BANK(1),LINK4 -Al/ 

C THIS CHAIN PRINTS THE FINAL EIOENVALUE, FLUXES,P 
C AND REGION VOLUMES 
C PRINT LABEL 

102 IF(MN1T,4)102,103 

103 R E W I N D 4 

REWIND 1 

40 IF(uNIT,3)40,41 

41 REWIND 3 

PRINT 500 

C WERE OUTER ITERATIONS REOUIREn 

F I S ( 2 6 , 2 5 ) , S I i « F I V 

V ( 4 0 . 2 6 ) , S H A P ( 9 ) , 
H ( 2 3 4 . 6 ) . S T R 1 ^ ( 2 6 , 6 

2 ) , C H 1 H ( ? 6 , 1 0 I > 
( 1 5 0 ) , B l ( 2 2 ) , E 2 { 2 2 ) 
R J ( 4 n ) , V l l S I G H l ( 2 6 , 

EEAK.SIOCAP.SIQCAV) 

OWER,AVERAGE FLUXES 
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"̂  | ^ | | ° ° " ^ ^ I * ^ ^ ^ ^ 5 E N V A L U E OR FISSION DENSITY 

' 2 PRlN?'?Si!'ibiOENr'' ' ' ' " ' ' '•'^'^ ^ ' " ' ° ' ' "^''S'^^ 
GO TO 5 

' 3 ̂ SlN? 5?^:??!£,hEN!'- ' ' ' ' ' "'' ^'"^"^'^'O^ f̂ -̂ TOR 
If(OUTCON)IOCO.5.5 

1000 J'll678 
K.l 
JL.MAX»JMAX.i 

1001 KL«K*4 
If(JL.KL)1004,1002 1 02 

1002 NAB.KL.K*! 
J*J*9 
PUNCH 3000,NAB,J,(POwRl(I).I,x.p(L) 
IF(JL.KL)5.5.ioo3 

1003 K«KL*1 
GO TO 1001 

1004 KL.JL 

00 TO 1002 

'̂  A ii.'^r Snl^" '"''*dONS. LABEL ONE ITERATION PROBLEM 

C PRINT RADII. FLUXES AND POWER 
5 NBB.l 

NAB.NQR 
NCB.NQR.6 
IF(NCB)2000,2000.2001 

2000 NAB.NQR 
00 TO 2069 

2001 NABa6 
2069 NBBi.NBB.l 

N B B 2 ' N B B . 2 
NBB3.NBB.3 
NBB4.NRB.4 
N B B 9 ' N B B * 5 
IF(MADJ)201,201 202 * 

201 PRINT 504,'JBB,NBBi,NBB?.NB8s,NBB4.NB85 
GO TO 203 

202 PRINT 519,NBB,N8B1,NBB2.N8B3,N8B4.NBB5 
203 H7ti 

DO 7 J'I.JMAX 
L'IKJ) 
DO 6 M.M7,L 
KiJ.M.i 

C PRINT POINT 8V POINT AND REGION BOUNDARY THicE 
6 PRINT 505,M,XPT{M),MlR(J).POWRl(K),(SC(M.M6).M6«NB8.NAe) 

PRINT 50* 
C DESIGNATE REGION BOUNDARY 

7 M7.II{J) 
NBB.NAB.l 
IF(NCB)2080,2080,2070 

2070 NCB.NCB.6 
IF(NCB) 20^.2071,2072 

2071 NAB.NAB.NCB.6 
00 TO 2069 

2072 NA8.NAB.6 
00 TO 2069 

C INTEGRATE FLUX OVER EACH QROUP AND REGION AND CALCULATE NEUT»ON 
C BALANCE 
2080 IF{N0T,LT,1)G0 TO 50 



122 

10 DQ ll^I.IJROP'l.NOR 
IF(BiDJ)l04<104,112 

112 ITAP«3 
IF0RM,518 
I.NGR.IGROP.l 
QO TO 113 

104 1TAP.4 
IFORM,5o8 
['IQRQP 

113 IF<UN1T,ITAP)113.114 
114 BUFFER IN(ITAP.i)(X(i.i).X(MAx.Ji)) 

IF(NOT'E0il' GO TO 105 
PRINT 507 I 
IF(IFORM.EO,508) PRINT 50a 
IFllFORM.£0.518) PRINT 518 

105 IF(UNIT,ITAP)105.10B.200 
108 M 7 . I 

M 9 » 1 

DO 21 J.l.JMAx 
Ll«II(J)-l 
I F ( J . E Q . J M A X ) L 1 ' 1 I ( J ) 
DO 12 L'M7,Ll 
IF((NOT.EO.l).AND.((L.NE.M7).AND.(L.NE.MAX))) GO TO 1? 
SUM'0,0 
SOME.0.0 
DO 11 M.2,J2 
M S ' J I ' M ' I 
E M 3 . U ( M ) 
EM4.V(M) 
I F ( I G , E Q . 3 ) E M 3 ' . V ( M 3 . 1 ) 
1F(IG,£Q.3)EM4.,U(MJ.1) 
SUM.SUM.(EMU(M).EMU(M-i))*(U(M).X(L,M3)*V(M).X(L.M3.1)).6.2811853 

11 S O M E ' S O M E . ( E M U ( M 3 » 1 ) - E M U ( M 3 ) ) . ( E M 3 * X ( L . M ) . £ M 4 . X ( L . M - 1 ) ) . 6 . 2 8 ! 1 8 5 3 1 
IF(L.EQ,M7)ESCAPd, J)aSUM.SOMF 
I F ( L . E Q , I I ( J M A X ) ) E S C A P ( I . J.D.SUM.SOME 
IF((IG.E0i3) .AND.(L'EQ-M7))£SCAP(I • J )'ESCAP < I . J )*XPT (L ' *XpT (L '• 

X12,5663706 
IF((IG.E0,3).AND.(L.£Q.II(JMAX)))ESCAPd.J.l).ESCAP(I,J.l)*XFT(L)* 

XXpTli,).12,5663706 
IF(NOT,GE,ll) GO TO l2 
IF(N0T,E0,1) GO TO 12 

801 PRINT 5 0 9 , L . X P T ( L ) . S C ( L . M 9 ) . S U M , S D M E , ( X ( L , K ' . K . 1 , 4 ) 
IF(J1.4)12,12.13 

13 PRINT 510,(X(L,K),K.5.J1) 
12 CONTINUE 
21 M7.L1.1 
14 CONTINUE 

C CALCULATE REGION LEAKAGE 
20 REWIND 4 

REWIND 3 
C THE NET CURRENTS AT THE BOUNDARY ARE CALCULATED 
C NOW CALCULATE THE REGION LEAKAGE 

DO 27 I.I.NQR 
DO 2^ J'l.JMAx 

27 EEAK(J.I)'ESCAP(I,J.l).ESCAPd.J) 
C NOW OBTAIN THE INTEGRATED FLUX IN EACH R E Q I O N AND OROuR 
C ALSO THE INTEGRATED FIxED SOURCE 

DO 32 M.I,NGR 
SUM.0,0 • 
SOME'0.0 
M 7 . 1 
DO 31 I.l.JMAX 
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30 
301 

31 
32 

101 

100 

369 

370 
371 

499 

33 

34 
35 

36 

38 
37 

50 

|M3..5.DELRd) 
EM4,EM3 
L . I K M . i 
DO 30 J'M7.L 
Kti.J.l 

iip;!j;";?',!:^:??^:;;i;r^'^*^'-^^'^-^'-^-"^'^M.*xpT(j>.3.* 

iipT(j;"p?('jn:°!^:5;i;i'--''^^'-'-*'-''^^'^-^'-^--''^'^-^'-^T'^'-
S U M » S U M * S V M ( K . M ) * E M 3 . S V M ( K . 1 . M ) * E M 4 
S0ME'S0M£.SC(J,M).eM3.SC(J.1.M).EM4 
BSC{ I.Mj.SOME 
BSV(1,M)'SUM 
SOME.0.0 
SUM.0,0 
M 7 ' I I ( I ) 

CONTINUE 
NOW OBTAIN REACTION RATES AND PRINT NEUTRON BALANCE 
DO 101 L'1,5 
SHAp(L).o,0 
DO 37 I'l,NQR 
J'l 
IF(MADJ,GT.O)J'NGR-I.l 
DO 100 L'1.5 
DON(L)'0.0 
PRINT 511,1 
IF (S2) 369,369,370 
PRINT 516 
QO TO 371 
PRINT 512 
DO 36 K.l,JMAX 
M 4 ' M I R ( K ) 
M3tl 
M69.NGR.1 
M7.XMIN0F(NDS,M49) 
S0ME»SIQTd,M6).SlGSd,M4) 
ir(M7)35,35,499 
DO 34 M.l,M7 * 
I F ( M ' N D S ' 3 3 , 3 3 . 3 5 
SOME.SOME.STR(M3,M6) 
M3.M3.26-M 
CONTINUE 
SOME.SOME.BSC(K,I) 
SUM,VUSIG(I,M4).BsC(K,I)/EIQENi 
PRINT 513, K.BSC(K.I )iBSv(K.l).SOME.SUM.£EAK(KJC) 
OBTAIN VALUES FOR WHOLE REACTOR 
00N(1)«D0N(1).8SC(K.I) 
D0N(2)'D0N(2).BSV(K.I) 
D 0 N ( 3 ) ' D 0 N ( 3 ) . S 0 M E 

D 0 N ( 4 ) . D 0 N ( 4 ) * S U M 

D0N(5).D0N(5).EEAK(K.I) 
CONTINUE 
PRINT 514.{D0N(M>.M"1.5) 
DO 38 L.l,5 
SHAP(L).SHAP(L).D0N(L) 
CONTINUE 
PRINT 515 
PRINT 514,(SHAP(M),M.1.5) 
REWIND 4 
REWIND 3 
REWIND 3 
ir(lBuK)4034,4000,4034 
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4034 IF(NQT-5)4001,4035,4035 
4035 lF(MADJ)4000.4001.40nl 
4001 DO 4022 K'1.25 

DO 4002 J.l.JMAx 
1F(MIR(J),E0,K) GO TO 4021 

4002 CONTINUE 
OOT04022 

4021 DQ4003I.1,NQR 
T F { S I Q T ( T , K ) ) 4 0 3 3 . 4 U I I 3 . 4 0 3 3 

JS08 jUlTK'iJ!5r(sSG?d!iu90RTF(SIGT(I,K).S.GT(..K).4.n.BUCK(.,l)/3 

1 . 0 " 

4010 s'lOT(I,K).0,5.(SlGT(l.K).3ORTF(SlGT(I.K).SlQT(I.K).4.n.BUCKfK,l)/3 

1.0)) 
00 TO 4003 

4014 S^QTd'!K)io!5.(SlQTd.K)«SORTF(SIGT(l.K).SlQTd,K).4.0*9UCK(!,l)/S 

1.0)) 
QO TO 4003 

4015 sIGTd,K).0,5.(SlGTd.K)*SORTF(SIQT(I.K)*SlQTd.K).4.O*pUCK(l,K)/3 
1,0)) 

4003 CONTINUE 
4022 CONTINUE 

5669 FORMAT (20H THIS CASE CONSUMED F9.3,24HSECONDS OF COMPUTER TIME) 

LGO'l 
l-L(197).0 „ „ . 
IF(NOT.EQ,6,OR.NOT,E0.7.0R.NOT.E0.9) GO TO l37 
I F ( N O T . N E . 5 , A N D . N O T . N E . 8 . A N D . N O T . N E . 1 0 ) 1 3 6 . 1 3 5 

135 IF(MADJ)136,137,137 
137 LL(l97),4 
136 AC68'TIMELEFT(AC68)*.0ni 

AC68'TIMEBEG.,001.AC68 
PRINT 5669,AC68 
IF(NRATE)401,401,402 

401 RETURN 
402 PRINT 521 f̂ JRATE 
521 F0RMAT(25Hl REACTION R A T ? SUMMARY ' l3.l9H NUCLIDES REQijESTBt ) 

BUFFER IN d,l)(SIGFIV(l).SIGFIv(650)) 
BUFFER IN (1,1)(SIGGAV(1),SIGCAV(650)) 
DO 403 I'l,MAX 
SUM'0,0 
DO 404 J.l.NGR 

404 SUM.SUM.SCI I,J) 
403 SCPRODld )'SUM 
405 IF(UNIT,1) 405,406,407 
407 PRINT 522 , ,,, 
522 FORMATl*0EOF OR PARITY ERROR ON TAPE 10. READING FIS Of CAP >SECTS 

1.) 
CALL 0 8 O E R R O R ( 1 , 4 H B U G , ) 

406 DO 408 I'l,NRATE 
PRINT 523,LR'TE(I) 
DO 409 J.l,MAX 
SUM'0,0 
SOME.0,0 

523 F0RMAT(39H1 REACTION RATE SUMMARY F Q R NUCLIDE NO, A6) 
DO 410 K'l.NGR 
SOME.SOME.SIGCAPIK.1).SC(J.K) 

410 SUM.SUM.SIGFISIK. 1)*S0(J'.K) 
S C P R 0 D 2 ( J ) ' S U M 

409 SCPR0D3(J)»S0ME 
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iZAWj'tlU FISSION RATE TRAVERSE/lHO . Ix . 4, 5x. 6HRAD lUS, 6X . 4HRATE, 4 

M5»l 
420 M7.1 
412 DO 411 J'l,JMAX 

PRINT 525,J 
925 F0RMAT(7H REGION.IS) 

M4'II(J) 
PRINT 526,(XpT(,<),scpRoD?(K).<'M7,M4) 

526 F 0 R M A T ( 2 X , 4 ( 5 X , F 6 . 3 , 2 X : E I 2 5 ) ^ 
411 M 7 , M 4 . I 

QO T 0 < 4 1 3 , 4 1 4 ) M 5 

413 PRINT 527 

'^^ ^2''3i^'^'^° CAPTURE RATE TRAVERSE) GO TO 415 
414 PRINT 529 
929 FORMATI.O ONE.GROUP CAPTURE CROSS SECTION.) 
415 PRINT 928 
928 F0RMAT(1H0,1X,4(5X,6HRA0IUS.4X,4HRATE,4X)) 

DO 4i4 J'l,JMAX 
PRINT 525,J 
M4.II(J) 
PRINT 9 2 6 , ( X P T ( K ) , S C P R 0 D S ( K ) , K . M 7 . M 4 ) 

416 M7.M4.1 
00 TO(417,408)M5 

41^ M5.2 
PRINT 530 

530 FORMAT!.1 ONE-GROUP FlSSlON CROSS S C C T I O N . ) 
DO 418, K.l,MAX 
S C P R 0 D 2 ( K ) ' S C P R 0 D 2 ( K ) / S C P R 0 D 1 ( K ) 

418 SCPROD3(K).SCPR0D3(K)/SCPR0Dl(K) 
QO TO 420 

408 CONTINUE 
RETURN 

200 PRINT 517 
CALL Q 8 Q E R R 0 R ( 1 4HBUG,) . 

517 rORMAT(.oEOF tlR PARITY ERROR ON T A P J 4, READING IN A N Q U L A R riUX 
lES*) 

3000 F0RMAT(I2,4x,I6,5ElZ.5, 
500 F 0 R M A T ( 2 3 H I * * . . O U T P U T DATA..,,) 

501 FORMATdSHO FINAL I TBRAT I ON" I 3 . 9X . 26HF iNAL INTEGRATED FISSIONS' 
1 £13 5) 

502 FORMAtllSHO FINAL ITERAT1 ON.i3,9X,28HFINAL MULTIPLICATION FAlTOR. 
IE 13.6) 

503 F O R M A T ( 4 0 H O O N E ITERATION PROBLEM .NO EIGENVALUE) 
50 4 FORMATdOHl PO I NT , 3X, 4HRAD I US, SX, 8HMATER I AL . 3X, 7 H F I 9s I 0N,« X, 5HQ 

1 R 0 U P I 2 , 5 X , 5 H G R O U P 1 2 . 5 X . 5 H 0 R O U P I ? . 5 X . 5 H G R 0 U P I ? . 5 X . 5 H G R O U P I ? . 9 » . 5 H G R 

2 0 U P I 2 / 4 X . 6 H N U M B E R . 2 9 X . 7 H D E N S I T Y . 7 X , 4 H F L U X , 4 ( 8 X . 4 H F L U X ) ) 
505 F0RMAT(6X,I3,4X, Ell ,4,JX,12,5X,£11,4, 4(lX.Ell,4)) 
506 F0RMAT(3X,115dH*)) 
507 F O R M A T ( 3 0 H 1 AUXILIARY OUTPUT FOR GROuP 12) 
508 F0RMAT(//34X.42HHeMlSPHERE- HEMISPHERE- ANGULAR F L U X B S / 

12X,10HPT. RADIUS,8X,59HSeALAR FL^X CURRENT-LEFT C ^ R R E N T - R I 8 H T f 
2 R O M MU.l, TO .1.) 

J09 F0RMAT(2X,l3. 8(iX. Ei3.6)) 
910 FORMAT (62X, El3 . 6,IX.£13.6.1X.£l3.6,IX.El3.4) 
511 F0RMAT(lHl,23x.39HNfiuTR0N BALANCE CHARACTERISTICS QROUP 12) 
512 FORMAT(iHo.i4X,ioHINTEGRATED.gX.j:HINTEGRATED.9X.5HT0TAL,I2X> 

, '^^"lihii^H:,!"'^^^^'"''*"'•'•">'••"'X.12MFIXE0 S O U R C E . S X . I I M A B S O R * TIONS 
2,6X,10HFISSIONS/K,9X.7HLEAKAG£) 



126 

913 FORMAT (7H0REGION,IJ.5(4X. ElS.6)' 
514 FORMAT(lHo,8HTOTAL....lX.5(4X. El3.6)) 
515 r0RMAT(////24X.23HREACT0R NEUTRON BALANCE) 
516 FORMAT (lH0,14X,10HlNT6r,RATED,8X,V "̂  " ^ ^ E G R A T E D , 9X, 5HT0TAL . 1 2Xj 

15HTOTAL,13X,3HNET/iBX,4HFLUX,10Xd2HFlXEO SOuRCE , 5X, H H A B S O R ' T I ONS 
2,6X.10HF1SSIONS .9X,7HLEAKAGE> , . .,, 

918 F0RMAT(//35x,44HHEMlSPHER6. HEMISPHERE- ANGULAR AOJOlNTS^/ 
12X,lOHPT, RADIUS,RX.60HSCALAR ADJOiNT C U R R E N T - R I Q H T C U R R E N T - L B F T 

519^FORMAT('lOHi ^° POl NT . 5x , 4HRAD lUS^ 3X , 8HMATER 1 AL , 3X. 7Hr I Ss I ON, ' X. 5HQ 
lR0UPl2.5X,5HGR0UPl2.5X.5HGROUPl2,5X,5HGROUPl?.5X.5HQROUPl2,5',5HGR 
2 0 U P 1 2 / 4 X . 6 H N U M B E R . 2 9 X . 7 H D E N S I T T , 4 X I 7 H A D J 0 I N T , 5 ( 5 X . 7 H A D J O I N T > ' 

END LINK 4 
;»...*.*................OVERLAY 5.*...*.*.*.•.•.»•.*.***•*•••***•*••*•*** 

PROGRAM LINK 5 , , , 
COMMON/Al/LL(250).E(17439),CC(6).NN(21).NR,LC.NA.NOF.LF.NAF.I.J, 

1 K , L , M , J 1 . J 2 . J 3 , J 4 . J 9 . M 1 , M 2 , M 3 . M 4 . M 5 , M 6 , M 7 , S O M E . S U M . A J . S 1 . S 2 , J I 0 L , 
2LG0;NCE,AN,iT,XPT;i9 ).IDIM.IUDIM,ILDIM.Npj,£IGMi,EIQpN.EIGE^l,EIG 
3 E N 2 , N E X T . K 3 . M M 5 , 1 I I . M M 4 , K 1 , K 2 . N C T R « P O W R 2 ( 1 8 9 ) , P O W R 3 ( 1 8 9 ) , S I : ( 1 5 0 , 2 6 
4),XK(3),VX(3),TIMERBG.OUTCON.SE ABC ON,EIQMS.SCFLUX(190.26).IJ'l, 
5EMi,MATNO(20),ISET,PROpT(i2).ISAVE,EL0W£R(27) 
DIMENSION Il(40),MIH(4l),DELR(40).POWRl(189).EMU(22).ALpHA(2i26). 

lDELTA(22,26),SVMd89.26),SIGT(26,25),SlGS(26.25).SI0Sl(94.29t,VUSI 
2Q(26,25),CHl(26,25).STR(?34,?5).STRl(25,25).VlNV(24.25).LHGP(24). 
3LHREG(6).C0NC(40).Mlx(40).MTIX(2ii)<NTMlX(20).GAMMAd0.2,26)*IUCK( 
426,25),BETA(2,26),LRATE(25) 
EQUIVALENCE(LL(1).MAX).{LL(2).JMAX).(LL(3).N0R).(LL(4),N),(LL(5), 

lNDS).(LL<6),NPS).(LL(7).NOT).(LL(8'.ITOUT),(LL(9).LCO).'LLdO).MIK 
2),(LL(ll).LPG),(LL(12),I0P),(LL(i3),MuTEST),(LL(14),JSP),(LL(15),N 
3 M I X ) , ( L L ( I 6 ) , M M I X ) , ( L L ( 1 7 ) . K R F G ) ' . ( LL ( I 8 ). N S O S ) , ( LL (l9 ). NFOS ). (LL( 
420),KlTl),(LL(21).IHUK).(LL(2?).MA0j).(LL(23),MrR).(LL(?4),I-),(LL 
5(25),IEXOP),(LL(26),II),(LL(46).MIR),(LL(106),MIX).(LL(146),'TIX), 
6(LL(166).NTMIX),(LL(186).NHGP). ( LL (187 ).'^HREfl) . (LL(l88) . L H R B ' ' ) . 
7(LL(198).LMGP).(LL(Z24).LFREG).(LL'225).MRAT£),(LL(226).LRATE ) 
E Q U I V A L E N C E ( L L ( 2 2 0 ) . N F R E G ) , ( £( 1)', E P S I ) , (E(2>.EPS2). ( E( 3 ) , EPS-), ( E( 

14),FAC),(E(5),THETA).(E(6),SEN),(E(7),SGES),(E(8),RR),(E(9),>IN),( 

2EdO).D£LR'>'E(50),siQT). (E ( 700 ) .S I QS ). ( E (l350 ) .s IQSl > • 'E ( 206 0 ) .VU 
SslG),(£(2650),CHI).(F(330 0).STR).(E(9l50).STpl),(E(9779),vIN'),(»( 
410425),ALPHA),(£(10477).BETA).(E(i0529),SAMMA).(E(ii049),DEL'*),(E 
5(11421),EMU). (Edl643).CONC) .(Edl 683).POWRl). (£(1187?). B U C K ' I (E( 
612522),SVM) 
EQUIVALENCE(UA,UA2) 
E0UlVALENCE(BSCl.BSC).(BSCld).VUSlQH).{9SCl(157),SlQSlH).(BSCl(3l 

13),SIGSH),(BSC1(469).SIQTH) ,,,,,„ 
D I M E N S 1 O N U A 2 ( 4 0 0 ) . S I G C A P ( 2 6 . ? 5 ) . S I G C A V ( 6 5 O ) . S I G F I S ( 2 6 , 2 5 ' ' S K - F I V 

1 ( 6 5 0 ) , E S C A P ( 2 6 , 4 1 ) . 6 £ A K ( 4 0 . 2 6 ) , B S C ( 4 0 . 2 6 ) . V U S I Q H ( 2 6 , 6 ) . S I G S 1 H ( 2 6 . 6 
2),SIGSH(26,6),S1GTH(26.4) 

COMMON/2/ESCAPl(1066).EEAKl(1040),8SCI(1040).BSV(40.26>.SHAP(9), 
1D0N(5),STRH(234,6).STR1H(26.4).NPSH.NDSH 
COMMON/A2/SB(22.26).AL7(?2),U(2?).V(22),X(l5o.22).CHlH(?4.10), 

lxFLUX(150,22).SCPROUi(i50).SCPROD2(15 0).SCPRnD3d50).Bl(22), 2(22) 
2.SCJF(40.24).SCJA(40.26).UA(400).SCPR1(40) .sCPRJ(40),VuSIQHl(26. 
3 6 ) , C H I H 1 ( 2 6 ) , V O L H 1 ( 4 ) , U A 3 ( 1 3 ) , V O L H ( 1 0 ) 
EQUIVALENCE(ESCAPi.6sC4P.SIGFIS.SlGFIV),(EEAKi.£EAK.SlQcAP,SlOCAV) 
DIMENSION C C A ( 2 6 ) . C C F ( 2 6 ) , C C S ( 2 6 ) . C C S 1 ( 2 6 ) 
BANK(0),/2/,/A2/.xLPCH.HOMOG 
BANK(l),LINKS,/Al/ 
IJOUT'O 
IF(NOT.QT.IO) IJOUT'l 

I F ( N 0 T , G T , 1 0 ) N 0 T , N U T - 6 

R E W I N D A 
REWIND 3 

http://TIMERBG.OUTCON.se
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131 FTII'1./12.9 
DO 132 1,1,M 
DO 132 J'l,J 

132 X(i,j).rTIl 
DO 137 1.1,M 
DO 137 J.l.N 

137 sell,J)'1,0 
1 IF(UNIT,4)1, 
2 BUFFER IN(4, 

PRINT 500 
PRINT 501 
IF(N0T.NE,5, 

4 IF(UNIT,3)4, 
5 DO 7 I'l.NGR 
6 IF(UNIT,3)6, 
7 BUFFER IN(3, 

203 IFIUNIT.S) 2 
204 BUFFER IN{3, 
202 If(UNlT,3)20 
209 BACKSPACE 3 

BACKSPACE 3 

) MADJ.-MAOJ 
OR.NOT.80.7.OR.NOT.£0.9)131.1 
663706 
Ax 
1 

AX 
OR 

2.60 
l)(XfLUX(l.l).XFLuX(MAX, J D ) 

AND,NOT,NE.8.AND.NOT.NE.10) BO To 130 
5,3 

7.3 
l)(X(i.l).x(i.i)) 
03.204.3 
1)(SC(1,1).SC(MAX.NBR)) 
2.20'.3 

IF(UNIT,3)8,9,3 
BUFFER IN(s,i)(X(i.l).X(MAX.Ji)) 

35 Ih 

130 I»J2.1 
DO 10 J.l,I 
M7.J1.J.1 
B2(J>'1.0471 
B2(M7).e2(J) 
B 1 ( J > . 2 , . B 2 ( 

10 B 1 ( M 7 ) . B 1 ( J ) 
Kl.l 

12 IF(N0T.NE,5, 
IF(UNIT,S)35 
BACKSPACE 3 
BACKSPACE 3 

206 IF(UNIT,4)20 
207 M7.1 
134 DO 61 K'l.JM 

L'II(K) 
EMM.DELR(K)/ 
SSUM'SSOM'O. 
DO 62 J.M7,L 
IF(J.E0,M7) 
IF(IGiNE.3) 
AM1,XPT(J).. 
AM2aXPT(J.l) 
AM3*XpT(j.i) 
Al.l,2566370 

A2»1.2'**3^0 
A3.1,2566370 
QO TO 301 

300 AlaA2.A3,1.0 
301 SUMl.SOMEl.S 

DO 63 Ma2,J2 
M3aJl.M*l 
EMa(EMU{M).E 
E N ' ( E M U ( M 3 * 1 
EMlaEM.U(M) 
EM2.EM.V(M) 
IFdQ.EO.3) 

9 7 5 5 1 . ( 6 M U ( J * 1 ) * 6 M U ( J ) ' 

J) 

AND,NOT.NE.8.AND.NOT,NE.10) BO To ?04 
1.13.3 

6,207,40 

AX 

3, 
0 

GO TO 301 
GO To 300 
2 
.XPT(J) 
**2 
6.(AM1.3.*AM2.6,*AM3) 
6.(3.«AMi*4.«AM2.3..AM3) 
6 . ( 6 . . A M 1 * 3 . * A M 2 * A M 3 ) 

A M E l . S A M l . f i .0 

MU(M-i)) * 6.28318531 

)-EMU(M3)).4.28318531 

GO TO 120 
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eNl'EN.y(M) 
EN5.EN*U(M) 
00 TO 121 

120 ENl'"EN*U'M3*l) 
EN2..EN.V(M3.1) 

121 SUMl'SUMl.ENl.XIJ,M-1).EN2«X(J.M) 
S A M 1 ' S A M 1 * E M 1 * X ( J , M 3 ) * E M 2 * X ( J . M 3 * 1 ' 
S0ME1.S0ME1.EM1,XFLUX(J,M3).EM2«)(FLUX(J,MS.I) 
SAMEl'SAM£i.ENi*XFLUX(J,M-i).FN?«xrLUX<J,M) 

63 CONTINUE 
SAM2,SUMl.SAMl 
SAME2,S0ME1*SAME1 

SSUMisSUMiEMM*(A3*SAM2.SAME2*.9*A2»ISAM2*EMll*SAME2*BMl0).Al«SM10* 

^SSOMlsSOM*EMM.(A3.SAM2.B90(24.J)*.5*A2*(8»M2*EM8.EMi0.asC(26«J))*A 

1 1 * £ M 8 . £ M 1 0 ) 
401 EM8,BsC(24.J) 

EM10.SAM2 
EM11'SAME2 

62 BSC(26*J)'SAME2 
SCJF(K,K1)'SSUM 
SCJA(K,K1)'SS0M 

61 M7.L.1 
IF(N0T.E0,6) GO TO 742 
M3.J2.1 
DO 721 J.1,M3 
SCPR0Dl(J)'(3,.EMU(J)*EMU(J.l))/24i 
SCPR0D2(J)'(EMU(J)*EMU(J.l))/?4. 

721 SCPR0D3(J)'(3,.EMU(J.l).EMu(J))/24, 
IF(N0T.LT,9) GO TO 740 
DQ 730 J'1,M3 
J9.J.12 
SUM.i,-EMU(J).EMU(J) 
S 0 M E ' 1 . . E M U ( J * 1 ) . £ M U ( J . 1 ) 
SCPROD1(J9)'0,5*(EMU(J.1).SORTF(SOME).ASINF(EMU(J*1))-EMU(J>*S0R1 

1{SUM).ASINF(EMU(J))) 
SCPR0D2(J9)a(SUM*SORTF(SUM).SnME*SQRTF(S0ME>)/3. ,_.... 
SCPR0D3(J9)a{EMU(J)*SUM*SQRTF(SUM).EMU(J.1)*S0ME*S0RTF(S0ME))/4, 
SCPR0D3(J9)'(SCPR0D3(J9).2,.EMU(J)*SCPR002(J9).(.29.BMU(J).E'U(J) 

1 * S C P R 0 D 1 ( J 9 ) ) / ( ( E M U ( J * 1 ) . E M U ( J ) ) * ( E M U ( J * 1 ) - E M U ( J ) ) ' 
SCPR0D2(J9)'(SCPR0D2(J9).EMU(J).SCPR0D1(J9))/(EMU(J.1)-EMU(jn 

730 CONTINUE 
740 M7'1 

N2al 
DO 72o J7al,NHREG 
N 3 ' L H R E G ( J 7 ) 
SUMaSOME'O,0 
DO 710 K'N2,N3 
L'II<K>.1 
DO 700 I,M7,L 
DO 7oo J'1,M3 
M5'J1-J.1 
IF(N0T.LT,7,0R.N0T,GT.8) QO TO 741 
SOME' SOME . (SCPR0Di(J)*(XFLuX(i,M5).(2..X(I,J).X(1*1.J)).XFLUX(I 

1.1,M5).(2,*X(I.1.J)*X(I,J)).XFLUX(I. J)*(2.*X(I,M5)*X ( I*1. M5)MXFLU 
2X(I*1,J).(2,*X(I.1,M5).X(I,M5)))).81(J).DELH(K) 
SOME'SOME • (SCPR0DZ(J).(XFLUXd,M5).{2.*X(I. J.1)*X( 1*1, J.l) 1 *XFLU 

lXd*l.M5)*(2.*X(I.l. J*1)*X(1. J*l))*xrLUX(I.M9-l)*(2.*xt I.J)*>tI*l. 
2j)) * XFLUX(I.1.M5.1).(2.*X(I.l. J).X(I.J)).XFLUX(I,J.l).(2.•><I.M5 
3).X(I.1,M5)) .XFLUXd*!. J.l)*(2.*Xd*l.M))*X( 1, M5 )) .XFLuX ( I,'.')*( J, 
4*X(l,M5.1).X(I.l.M9-l')*XFLUXd.i.J'»(2.*Xd*l,M5-l)*Xtl.M5.->)>)* 
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i l lM^.s86k. ( ^ C P R 0 D 3 ( J ) . ( X F L U X ( I , M 5 . l ) . ( 2 . . X ( I , 
l U X ( I * l . M 5 . l ) . ( 2 . . x ( I . l . J * l ) . , , , ' . i t ) . x F UX 
2 i . i . M 5 . i ) ) . x F L u x , i . i , j , i ) . , 5 . : ; ^ , . i . H j : i ^ : i 
2 
3(K) 

741 IF (N0T .LT ,9 ) GO To 732 
J 9 . J . 1 2 

J . 1 ) . X ( 1 *1 , J . l l ) * X F l . 
j . i ) * ( 2 . * x ( I . H : . I ) . X 
. M 9 . 1 ) ) ) ) . B 1 ( J I . D E L 8 

S 0 M E . S O M E . ( X F L U X ( I . l . M 5 ) . ( 2 . . x ( I . l , J ) . X ( l , j ) , . 
2 H 5 ; * . ? ' i ; M ' : s ^ ^ ? * " * ^ - - " * ' ^ - * ^ " * ^ ' ' ^ 5 ) . x ( i , H 5 

SOME- = " -= .'^ ^ * ^ ' ^ ' " ? ' ' ° * ' - ^ " * ' ' - * * ' * * * * ^ * ° E L R ' 

5 . X ( i , M 5 ) ) . ( X F L U X ( l . l , J . l ) - X F L u X ( l d , J ) ) . ( 2 . . x ( 
t n u i ' i ; i * J ' " ' " ' ' - " ' ' < ' ' ' ^ " " S ' ^ ^ ' ' 0 D 2 ( J 9 ) , 0 . 6 6 4 4 6 4 6 7 
S 0 M E . S 0 M E . ( j . . ( x F L U X ( I . M 5 . i ) . x F L U X ( I , M 5 ) ) . ( X ( I 

1 * ( X ( I . J * 1 ) ' X ( 1 . J ) ) . ( X F L U X ( I . 1 . M 5 * 1 ) . X F L U X ( I * 1 . 
2 . X F L U X ( I , M 5 . 1 ) . X F L U X ( I . 1 . M 5 ) . X F L U X ( I . 1 . M 5 . 1 ) , . 
3 * 1 , J ) * X ( 1 * 1 , J . l ) ) . 3 . . ( x F L U X ( I . J . i ) . x F L U x d . J ) ) 
4 M 5 ) ) . 3 . . ( X ( I . M 5 . 1 ) - X ( I . M 5 ) ) . ( x F L U X ( l . l , J . l ) - x F 
5 x ( I , J ) - X F L U X ( I . J . l ) - x F L U X ( l . i , J ) . x F L U X ( I . l , J . l 
6 ) - X ( I . l , M 5 ) . X ( l . l , M i > - l ) ) ) . S C P R O D 3 ( J 9 ) * 0 , 4 6 5 6 6 6 

732 IF (NOT,NE.5.AND.NOT.NF.8,AND.NOT.N£,10) Go TO 
SUM.SUM.(SCPR0D2(j) ) . ( (XFLUX(I ,M5) .XFLUx( 

l . X d , J * l ) ) . ( X F L U X ( I , M 5 . 1 ) . X F L u X ( i . l , M 5 . 1 ) ) . ( x ( 
2 x ( I , J . l ) . X F L U X ( l . l , J . l ) ) . ( x ( I . M 5 ) - X d . l , M 5 ) ) . ( 
3 , J ) ) . ( X ( I , M 5 - 1 ) , X ( 1 * 1 , M 5 . 1 ) ) ) . B 2 ( J ) . * . 

SUM.SUM.ISCPRODKJ) ) * ( (XFLUXd,M5) .XFL 
l > . X d . J ) ) * ( X F L U X ( l , J ) . x F L U X ( I . l . J ) ' . ( x ( I . M 5 ) - X 

SUM.SUM*(SCPR0D3(J) ) * ( ( X F L U X ( I , M 5 . i ) . x 
1 * 1 , J * 1 ) ' X ( I , J * i ) ) . ( x r L u x ( I , J . l ) . X F L U X ( 1 * 1 , j * i ) 
2 5 - l ) ) ) * B 2 ( J ) * 6 . 

700 CONTINUE 
710 M7,L.l 

BSV(J7,Ki).S0ME 
I 6"j7*4 • 
BSV(L6,K1),SUM 

720 N2'NS*1 
742 M7'1 

DO 17 K,l,JMAx 
L'll(K).i 
DO 16 I'M7.L 
SOME,0.0 
SUM.0,0 
SUME'0.0 
M3.J2.1 
DO i5 J.l,M3 
MS'Jl-J.l 
SOME'SOME.ai(J).(X( I,M5)*XFLUX(r.J)*X( I.M5-1)* 

1X( I, J).XFLUX( I,M5).X( I, J*1).XFLU!<( I.M5-I)) 
SUMaSUM*Bl(j)*(x<I*l,M5)*XFLUx(l.j'*X(I*l.M5-l 

IXt1*1.J)*XFLUX(I,M5).X(1*1,J*1).XFLUX(I,M5-1)) 
SUMEaSUME.8i(j),(x(I,M5),xFLUX(l*l,J).X(I,M5.l 

1 X ( I . J ) . X F L U X ( I . 1 . M 5 ) . X ( I . J . 1 ) . X F L U X ( I * 1 . H 5 - 1 ) ) 
S0ME'S0ME.B2(J).(X(I,M5)*XFLUX(1.J*l)*X(I,M5.1 

IXd. J)*XFLUX( I,M5-I).X( r, J.i).xF).UX( I,M5) ) 
SUM'SUM*B2(j)*(x(l.l,M5).XFLUxd.J*l'*X( I*1.M5 

lX(I*l.J).xFLUX(I,M5-l).X(I.1.J.l).XFLUX(I.M9)) 
15 SUME'SUM£.B2(J).(X(I,M5).XFLUX(1*1,J*1)*X(1,M5 

lXd.J'»XFLUX(I.l.M5-l).xd.J.l).xFLUX(I*l.MS)) 

XFLUX 
) ).XF 
K) 
.1. J. 
.(?.* 
(1*1 
(X( I. 
I.M5) 
I .M5) 
.DELR 
1, J* 

M 5 ) )* 
(X( I, 
.(X( 1 
LUXd 
) ).(X 
67.DE 

700 
1*1.M 
1*1, J 
XFLUX 

( I.M5).(Xt 
LUxI I,J)*' 

i).X( I.i;. 
X(T*i.J)*> 
j) )*'XFLU> 
1.M9.1).XI 
).(2.*«(I* 
. X ( I . 1 . M 9 ' 
(K) 
l)-X(I.i,l. 
2'*(XFLUX' 
J).X(I.J«l 
•l.Msai).> 
.l.J)).2,« 
(I,M5)-X(I 
LR(K) 

5) ).(X( l.J 
)-X( I,J) )• 
d,J).xFLL 

l . l , J 
X ( I * 1 

))*(2 
d . J) 
(IlHS 
1*1,M 
1.M9) 
)*(Xr 

))*S. 
I.M9) 
)-X(I 
( 1 * 1 , 
(XFLU 
.M9.1 

,J*1> 
(XFLU 
X(I*1 

UX(l*i,M9))*(XI1*1,J 
( I.1.M9)))*B20;)*6, 
FLUX(I*1,M9-1)»*(X(I 
).(X(I.M§.1)-X(1*1,M 

X F L U X ( I , J * 1 ) » 

)«XFLUX(I.J.1>« 

).XFLuX(I.l,J*l)* 

)*XFLUX(I.J)* 

-1)*XFLUX(I>J>« 

-1)*XFLUX( |.l,lv). 

http://67.de
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SCPRODKp'SOME 
|CPR0!|2(I)»SUM 
SCPR0D3d)'SUME 

16 CONTINUE 
17 M7'I1(K) 

SUMaO.O 
DO 24 J'l,MS 
SuSisGM:Bi(J).(X(MAX,M5).XFLUX(MAX,J)*X(MAX,J)*XFLUX(MAX,M5M 

1 X ( M A X . M 5 ' 1 ) * X F L U X ( M A X . J * 1 ) . X ( M A X . J * 1 ' * X F L U X ( M A X , M 5 - 1 ' ) 
24'sUMtsiM;B2(J).(X(MAX,M5-l).XFLUX(MAx.J).X(MAX.J).XFLUX(MAX.M-.l)* 

IX(MAX,M5).XFLUX(MAX.J*1)*X{MAX,J*l''XFLUX(MAX,M5)) 

SCPRODl(MAX)=SyM 
18 IF(K1.N0R)136 20.20 . „ „ , „ , 
134 1F(NOT.EQ,6.0H.NOT.60.7.0R.NOT.E0.9) GO TO 2ol 
19 |F(UNIT,3)19,21,3 
21 BUFFER IN(3,l)(X(l.l).X(MAx,J1)) 
200 IF(UNIT,3)200.201.3 
201 M7'1 
208 IF.yNiT,4)208,205 60 
205 BUFFER 1 N ( 4 , 1 ) ( X F C U X ( 1 , 1 ) , X F L U X ( M A X , J I ) ) 

INDEX'l 

'2°7Pu^j^i'iJ{'4!lHSC?LUX(i,l),SCFLUX(HAX,NGR,) 
INDEX'2 

31 M7,1 
BSC(Ki,l),0,0 
DO 30 K«1,JMAX 
L«II(K).l 
EM,DELR(K)/3.0 

£N'EM..5 
SUM,0,0 
DO 29 J,M7,L 
1F(IG,NE.3) GO TO 302 
AMl.XPTIJ.l).*2 
AM2.XPT(J.l).XPT(J) 
AM3'XpT(J).*2 
Al.l.256637.(AM1.3..AM2.4..AM3) 

A2.i,2564s7.(3..AMi*4..AM2.3..AM3) 
A3'1.256637*(6..AM 1*3•.AM 2*AMS) 
GO TO 29 

'°29 *stM*.s'uM!EJlMAl.SCPR0Dl(J)*.5.A2.(SCPR0D2(J)*SCPR0D3(J)).A3*SCPR0Dl 
1(J*1)) 
EEAK'K.KD'SUM 

BSC(K1,1),BSC(K1,1)*SUM 

30 M7.II(K) 
Kl'Kl'l 
QO T0(12.28).INDEX 

28 CONTINUE 
NBB'l 
NAB.NGR 
NC6.NGR-6 
1F(NCB)32,32,33 

32 NAB.NGR 

GO To 34 
33 NAB.6 
34 CONTINUE • 

N8B1'NBB*1 
NBB2.NBB*2 
NBB3.NBB.3 
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35 

350 

80 

81 

36 

38 

39 

37 

40 

41 
42 

44 

43 

45 

47 

48 

46 

49 

50 

51 

NBB4.NBB.4 
N B B 5 ' N B B * 5 

PRINT 502,NBB,NBBl,NBB?,N8B3.NB84.NB85 

PRINT 50 3,J,(EEAK(J.M6),M6'NBB,MAB) 
PRINT 504.(8SC(M6,l,,M6.NBB,N.sr 
DO 350 J'I.JMAX 

m^l "°''SCJF(J,M4).M6'N9B,NAB) 
PRINT 5 2 1 , ( S C J A ( J , M 6 , , M 6 . N B B , N I B , 
DO 80 J7'l,NHREG 

PRINT 522,(SSV(J7,M6),M6'NBB,NAB) 
DO 81 J7.1,NHREG 
L6'J7.6 

?,2i'^LS^?''^^^''-*'^*'"**"^Be"^AB) 
Nona rJAB*l 

If(NCB)37,37,36 

NC8'NCB.6 
IF{NCB)38,38,39 
NAB.NAB.NCB.4 
QO TO 34 
NA8.NAB.6 
00 TO 34 
PRINT 505 
M7.1 

I F ( J M A X . 6 ) 4 O , 4 O , 4 1 

M6ajMAX 
GO TO 42 
M6.6 
DO 43 J.M7,M6 
SUM.0,0 
DO 44 Kal,NQR 
SUMaSUM.EEAKIJ,K) 
CHIH1(J).SUM 
CONTINUE 
M71.M7.1 
M72.M7.2 
M7SaM7*3 
M74aM7*4 % 
M75aM7.9 
PRINT 504,M7,M71,M7Z,M7S'.M74,M75 
PRINT 507,(CH1H1(M5),M9.M7,M4) 
IF(M4.JMAX)45,44.46 
M7.M4.1 
lF{M6*6.JMAx)47,47,4g 
M6aM6.6 
00 TO 42 
M6.JMAX 
QQ TO 42 
SUMaO.O 
DO 49 Ial,NQR 
SUMasUM*BSC(l.1> 
PRINT 508,SUM 
DO 50 I'l,NQR 
DO 50 jal,jMAx 
M6aMlR(J) 
IF(VINV(I,M6))51.50.51 
CONTINUE 
PRINT 509 
QO TO 52 
SUMEaO.O 
DO 53 Ial,NGR 
DO 93 Jal,JMAX 
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M6'MIR(J) . . . . , , , „., 
53 S U M E ' S U M E * E E A K ( J . I ) * V I N V < I . M 4 ) 

PRINT 510,SUME 
52 IFIUNIT,4)52'57.*0 
57 M 7 ' 1 

00 54 K.l.JMAX 
M4.MIR(K) 
L'll'Kl 
DO 55 J.M7,L 
M5.K*J-l 
SUM'0.0 
SOME'0.0 
DO 54 I.l,NGR 
SUM'SUM*CHld.M6)»SC(J.I) 

54 S0ME'S0ME*VUSIQ(I,M6).SCrLUX(J,I) 
UA(M5).SUM 
U A ( M 5 * 2 0 0 ) ' S O M E 

55 CONTINUE 
56 M 7 . I I ( K ) 

M7ai 
S U M ' O . O 
DO 59 I.l,JMAX 
L a l K D . l 
EM.DELR(I)/3-
EN.EM.,5 
DO 58 J.M7,L 
IFdG.NE.S) GO TO 69 
AMl.XPTIJ*l)..2 
AM2.XPT(J.1).XPT(J) 
AM3aXpT(J)..2 
A1.1,256637.(AM1.3,.AM?*4.»AMS) 
A2'li256637.(3..AMi*4..AM2.3..AMS) 
A 3 ' 1 . 2 5 6 6 3 7 . ( 6 . . A M 1 * 3 . * A M 2 * A M 3 ) 
GO TO 67 

65 A 1 . A 2 , A 3 ' 1 , 0 

SUMtsUM*EM*(Al.UA(K).UA(K.200)..5.A2.(UA(K)«UA(K.201).UA(K.ll* 

X U A ( K * 2 0 0 ) ) * A 3 * U A ( K * 1 ) * U A ( K . 2 0 1 ) ) 

58 CONTINUE 
59 M 7 . I I ( I ) - 1 

PRINT 511.SUM 
S 0 M E ' S U M E / ( S U M * E I G £ N 1 ) 
PRINT 512,SOME 
CALL HOMOG 
iFdJDUT.EO,!) NOT.NOT.6 

3 PRINT 513 
CALL O8QERROR(0,4HBUG.) 

60 PRINT 514 
CALL Q8OERROR(0,4HBUQ.) 

64 BETURN 
500 F0RMAT(*1AUXIL1ARY OUTPUT FOR PERTURBATION ANALYSIS.) „,,.,„. 
501 F O R M A T I / . O I M T E G R A L UF ( F L U X ( R . M U ) T I M E S ADJ0INT(R,MU))DMU DR*) 

502 F 0 R M A T ( / 1 0 H R E G I U N . « X . 5 H G R 0 U P I 3 « 5 ( 6 X . 5 H G R 0 U P I 3 ) ) 

503 F0RMAT(8X,I2.6(1X.E13,6)) 
504 F O R M A T ( / 1 O M T O T A L ,, 6 (iX. Eis. 6) ) . „ . .„ «,.,. 

505 FORMAT(*OREQ10N.WISE TOTAL INTEGRAL OF A N Q U L A R FLUX TlMfS AOeOINT 
506 FORMAT(/llH REGION.I3,5(6X.6HREGI0N.Is)) 

'Ss F0RSAT!//48i"?ftL'INTEGRAL OvER ANGLE, S P A C F . AND ENERGY . J 1 3 . 6 ) 
909 F O R M A T ! / / , NO INVERSE VELOCITIES PROVIDED, LIFETIME NOT COMPLTED*) 



' ^ " / . " ^ S ^ ^ i ^ " " I^'TEGRAL OF ( d / V ( E ) ) P H I ( E . ^ , M U ) P H l . ( E . R . M u ) , D M t D R D E 
511 F O R M A f ( / 

l I ' l . N Q R ) 
512 FORMAT(/ 
513 FORMAT(* 
514 FORMAT!* 

515 F0RMAT{/ 
iGENIZED 

516 FORMATI/ 
INDARIES 

517 FORMAT(/ 
1. ONLT 0 

518 FORMAT(/ 
INIZED BE 

920 FORMATll 
521 FORMATd 
522 FORMATd 

END LINK 
SUBROUTI 
COMMON/A 
1K,L,M,J1 
2 L G 0 , N C E . 
3EN2,NEXT 
4),XK(3), 
5£M1,MATN 
DIMENSIO 

10ELTA(22 
20(26,25) 
3LHREG(6) 
426,25),B 
EQUIVALE 

1NDS),(LL 
2).(LL(11 
3MIX).(LL 
420),KITl 
5(25).lEX 
4(LLd66) 
7(Lt(198) 
EQUIVALE 

14).FAC). 
2E(10),DE 
3SIG),(E( 
410425),A 
5(11421), 
*12522),S 
EQUIVALE 
EQUIVALE 

13),SIGSH 
DIMENSIO 

1(490),ES 
2),SIQSH( 
COMMON/2 
1D0N(5),S 
COMMON/A 

lXfLUXd5 
2,SCJf(40 
34).CHIHi 
BQUIVALE 
DIMENSIO 

1VINVH(24 
EQUIVALE 

/46H 1 
DR » £ 
/34H S 
OEOF 0 
OEOF 0 
/• NO 
GROUP 

/32H N 
' 10(1 
/* ERR 
NE IS 
/•NO S 
GION I 
OH.,.C 
OH.ADJ 
OH INT 
5 

NE HOM 
1/LL(2 
.J2,J3 
AN.IT. 
,K3,MM 

VX(3), 
0(20). 
N 11(4 
,26).S 
,CHI(2 
.CONC( 
ETA(2, 
NCE(LL 
(6),NP 
),LPG) 
(16),M 
),(LL( 
OP), (L 

•NTMIX 
,LHQP) 
NCE(LL 
(E(5). 
LR),(E 
2650), 
LPHA), 
EMU),( 
VM) 
NCEIUA 
NCE(BS 
),(BSC 
NUA2(4 
CAP(26 
26,6), 
/ESCAP 
TRH(23 
2/SB(2 
0,22), 
,26),S 
(26),V 
NCE (ES 
N CCA( 
.6) 
NCE(UA 

NTEGRAL OF ((CHI(I)PHl,,I,B,,(,guslQFd,R)pHI(i;R), 

YSTEM PROMPT NEuTBON LIFETIME , F13 6i 
R PARITY ERROR ON TAPE 3.) 
R PARITT ERROR ON TAPE 4*) 
ENERGY H0MoQ£Nl7ATt0N REOUESTED, OUTPUT FOR 0N§ HOMQ 

IS PRUvInED.) 
UMBER OF HOMOGENIZED QRQUPS ' I2,/25M FINE GRdtP BOU 

3)) 
OR, NU. OF HOMOGENIZED QROJPS BEOUESTED tS TOO LARGE 
COMPUTED*) 
PACE HOMOGENIZATION REQUESTED, OUTPUT FoR ONEI^OMOOE 
S PROVIDFD.) 
URRENT, 4dX,Els.6)) 

.CURNT. 6dX.E13.4)) 
EGRAL .6(lX.Ei3.6)) 
OG 
50),£(174 
,J4,JS,Ml 
XPT(15"). 
5,II1,MM4 
TIMEBEG.O 
ISET,PR0B 
0),MIR(4n 
VM(189,26 
6,25),STR 
40),MlX(4 
26),LRATE 
(D.MAx), 
$).(LL(7) 
.(LL(12). 
MIX), (LL( 
21),IBuK) 
L(26).II) 
).(LLd86 
,(LL(224) 
(220)»NFR 
THETA).(E 
(50).SIQT 
CHI),{£(3 
(£(10477) 
£(11643) 

35).C 
,M2,M 
IDIM 
,K1,K 
UTCON 
T(12) 
).DEL 
) . S I G 
(234, 
0),MT 
(25) 
(LL(2 
.NOT) 
InP). 
17),K 
,(LL( 
,(LL( 
) .NHG 
.LFBE 

E9).( 
(4).S 
)'.(£( 
300). 
.BETA 
CONC) 

C{ 6) •, NN( 21). NB.LC. NA.NOF.LF.NAF, I, J, 
3,M4,M5,M6.M7,S0ME.5UM,AJ,8I,S2,*0L, 
IUDIM.lLDIM,NPI,£lQMl.EI0EN.EI0E^t,EI9 
2.NCTR,POwR2d89),powRS(189),sC(lJ0,24 
S E A R C O N , E I G M 3 . S C F L U X ( 1 5 0 . 2 6 ) , U » 1 , 

ISAVE.EL0HER(27) 
R(40),POHR1(189).£MU(22).ALPHA(2', 24), 
T(26'. 25),SlGS(26.25).SIQ8l(?6.25»,VUSI 
25).STRl(25.25),VINV(24.25).LHOP(26), 
IX(?0).NTMlX(20).GAMMAd0.2.26),»UCK( 

).JMAX 
,(LL(8 
(IL(13 
REG). ( 
22),MA 

46).'^I 
P),(LL 
0),(LL 
E (1), E 
EN).(£ 
7 0 0 ) , S 
STR),( 
). (Ed 
. (£(11 

).(LL( 
),ITOU 
),MUTE 
LL(18) 
OJ),(L 
R),(LL 
(1870. 
(225), 
''Sl).( 
(7).SG 
IGS),( 
E(9i50 
0529). 
483),P 

5),NOR 
T),(LL 
«T),(L 
.NSOs) 
L(23), 
(104). 
VHREo' 
»<RATE) 
S(2).E 
BS)<(E 
E<l350 
).STRI 

BAMMA) 
OWRl), 

),(LL(4),N),(LL 
(9),LCO),(LL(10 
L(14),JSP),(LL' 
• ( L L d 9 ) < N F 0 S ) < 
MFR),(LL(?4),(C 
M I X ) . ( L L I , 4 6 ) . ' 
• (LLd8e).LHRB« 
. (LLI224).LRAT* 
PS?),(1(3),FPS! 
(8).RR).(£(9),' 
).SI9Sl).(8(200 
).(E(9779).VIN« 

.(£(11049).DELI 
(£(1187?),BuCKI 

(5), 
),MIK 
15),N 
(LL( 
),(LL 
TIX), 
), 
) 
)>(E( 
IN),( 
0),VU 
). (E( 
A)>(E 
,(E( 

UA2) 
Cl.BSC) 
1(469), 
00).SIG 
,41),BE 
S I Q T H ( 2 
1(1046) 
4,4),ST 
2,26).A 
SCPRODl 
CJA(40, 
0LHi(4. 
CAPl.BS 
26),CCF 

. ( B S C K l ) 
S I Q T H ) 

C A P ( 2 6 . 2 5 
A K ( 4 a , 2 4 ) 

4 , 4 ) 
E E A K K i n 

R l H ( 2 4 , 4 ) 
L 7 ( 2 2 ) . U ( 
( 1 9 0 ) . S C P 
2 4 ) ' , U A ( 4 0 
) , U A 3 ( i 3 ) 
C A P . S I Q F I 

( 2 6 ) , C C S ( 

,VUSl6H),(3SCl(157),81QSlH),(8SCl(3l 

),SI GCAV (490 )iSlQFIS(24,25).SI''FIV 
,BSC(40,24),vUSIQH(24,4),sIGSl»'(26,4 

40).6SC1(1040),BSV(40.24>.SHAP(5)> 
,NPSH,NOSH 
22),V(22',X(l5o.22).CHlH(?4,10t. 
ROD2d50'.9CPRoD3d50).Bl(22)*E2(22) 
0).SCPR1(40) ,sCPRJ(40).VuSIGH (24, 
. V O L H ( I O ) 

S.SlGFlV).(EEAKl.EEAK.8lQcAP,S)0CAV) 
24),CCS1(24),SITRH(24,4),CCD(2»), 

2(l).SITRH).(UA?(157),CCD).(U*?d83).vlNVH) 



134 

BANK(0),/2/./A2/.XLPCH.HOMOG 
BANI<ii),LlNK5,/Al/ 
IF(NHQP)116,116,117 

116 IF(NHREQ)118,118,119 

118 PRINT 529 

929 ?ORMAT!'°NO ENERGY OR SPACE WOMOQENIZATION R E O U E S T B D * ) 

930 FORMAT!* HOMOGENIZATION DONE OVER ALL REBIONS AND ALL QROUPS*) 

NHQP'l 
NGREG,1 
LHGP(i)aNQR 
LHREQd)'JMAX 

00 TO 120 

\\l TolnluljnTo ENERGY HOMOQENIZATION REQUESTED, I?,l6H OROUPS PROVI 
IDED) 
NHQp.NQR 
DO 121 I.l,NQR 

121 LHQP(I)'I 
GO TO 129 

117 1F{NHREQ)122,122,123 

932 F 0 R M A T " 6 H NO SPACE HOMOQENI 7AT I ON REQUESTED, I2,17H RBGIONS PROVJ 
IDED) 
NHREG.JMAX 
DO 124 I.l,JMAX 

124 LHREQII)'I 
QO TO 129 

123 IF(NHGP.NGR)126,124.127 

127 PRINT 933 „ . 
933 FORMATf. ERROR, NUMBER OF HOM. QROUPS REQUESTED IS ToO LAR O I * ) 

PRINT 534,NQR „ , „ 
934 F0RMAT(4X,I2,28H HOMOGENIZED GROUPS PROVIDED) 

NHGP'NGR 
DO 128 I'l,NGR 

128 LHQP{I)aI 
126 IF(NHRE0-JMAX)129,l29.l30 
130 PRINT 535 , _,, , 
535 FORMAT!* ERROR, NUMBER OF HOM. REGIONS REQUESTED IS TOO LABtE*) 

PRINT 534,JMAX 
534 F0RMAT(4X,I2.29H HOMOGENIZED REOtONS PROVIDED) 

NHREG.JMAX 
DO 131 I'l,JMAX 

131 LHREGd )'I 
129 M'NHREG.l 

DO 132 I'l.H 
1F(LHREQ( 1*1)-LHREGd )) 133,13?, 132 

133 PRINT 537 ,. _^ 
537 FORMAT!* ERROR, HOMOGENIZED REGION BOUNDARIES NOT IN AJCBNDI^O ORD 

lER*) 
GO TO 114 

132 CONTINUE 
M»NH0P-1 
DO 134 I.1,M 
IF(LHQP(1*1)-LH0P(I))135,135,134 

135 PRINT 538 , ,_ , 
538 FOHMATI* ERROR, HOMOGENIZED GROUP BOUNDARIES NOT IN ASCFNDIN6 OHDE 

IR*) 
GO TO 114 . 

134 CONTINUE 
IF (LHREGI NHREG). JMAX) 134'. 134,137 

137 PRINT 539 



135 

" ' O O ^ T O U I A " " " " ' *^°^- "^"'O" BOUNDARIES TOO LARGE.) 

136 IFjLHGP(NHGP).NOR)12 •,128.138 
138 PRINT 540 

'^° Qo'"^0^i*4^'"'°''' *^°"' °''°'̂ '' BOUNDARIES TOO LARGE*) 

120 IF(LFREG.LT,l)LFREGal 
M7 K. 

D0141 lal.NHREQ 
LaII(LHREQ(I)) 
V0LH(I)aXPT(L)-XPT(M7) 
|F(IG,EQ.3)V0LH(I)a4.1887902*(XPT(L)**3.XPT(M7)..S) 

141 M7'L 
NPSH'O 
NN6ai 
NDkM'O 

nn '9 J-"! iNH^Efl 
MATNAM'LFRBa.J7,l 
N9»I, 
N3»tHREQ(j7) 
V0L1'V0LH(J7) 
SUMNI'0,0 
D0143 I4'l,NH0p 
N6.LHGP(14) 
N7.I 
S U M N 2 ' 0 , 0 
DO 65 15'1,NHGP 

28 SUM2'SUM5'SUM6.sUM7a||.Q 
30 N8.LHGPd5) 

EMl.EM2>EM3.EH4.EM4aEMlAa0.0 
D0l42 1 . N 5 , N 6 
DO 46 1 1 ' N 7 , N 8 

25 M1.NN6 
DO 667 J.N2,N3 
S O M E ' S U M E ' S O M ' O . O 
M 2 a I I ( J ) - l « 
I F ( I G . E 0 . 3 ) GO TO 31 
V0L5' XpT(M2.1) .XpT(Ml) 
QO TO 26 

31 V 0 L 5 « 4 , 1 8 8 7 9 3 2 . ( X P T ( M 2 . 1 ) . * 3 - X P T ( M 1 ) » * 3 ) 
26 EMaDELR(J) 

EN'EM/S.O 
00 48 L ' M 1 , M 2 
Al.A2.A3e1,0 
A11.A12..5*EM 
I F d G , N £ . 3 ) GO TO 10 
AMlaXPT(L* l ) . . 2 
AM2aXpT(L. l ) .XpT(L) 
AM3aXPT(L)**2 
A l la l ,047 i974*EM*(AMi*2 . *AM2*3 . *AM3) 
A l 2 a l , 0 4 7 1 9 7 6 • E M * ( 3 . * A M 1 * 2 . * A M 2 * A M 3 ) 
A l ,1 ,256637 , (AMI .3 ,«AM2.4 . ,AMS) 
A2 ' l .256637*(3 . * A M I * 4 , * A M 2 * S . . A M J ) 
A 3 ' 1 . 2 5 6 6 3 7 . ( 6 . . A M 1 * 3 ' * A M 2 * A M 3 ) 

10 SOME,SOME.All.SCFLUX(L,I).AIJ.SCFLUX(L*1.I) 
SOM,SOM*Aii.sCFi.ux(L, Il)*Ai2«SCFLUX(L*l. U ) 

68 S U M E ' S U M E * E N . ( A 1 . S C ( L . I 1 ) * S C F L U X ( L I I ) * . 5 * A 2 * ( S C ( L . I 1 » * S C F L U X 1 L * 1 . I 
1 ) * S C ( L * 1 . ID 'SCFLUXtL. I ) ) * A S * S C ( L * 1 . 11) *SCFLUX ( L * l . I ) ) 

I 2 ' M I R ( J ) 
EM2aEM2*CHl ( l l . I 2 ) .VuS lQd . I2 ) . sUME 

http://Al.A2.A3e1


136 

iP(^6^^feS^5'!SR!^0?^60.6) guM5.SUM5*.5.EEAK(J.ll) 
SUM7'SUM7*S0M 

2 1 I F ( I 1 . N E . N 7 ) G 0 TO 2 " 
S U M 2 ' S U M 2 . S 0 M E B c i i / , 1 I \ 
I F ( N 0 T . E 0 , 9 , 0 R . N 0 T . b O . » ) 9 U M 4 . S U M 6 * . 5 * E E A K ( J . I ) 

20 I F d l . 1 ) 6 7 . 7 0 . 6 9 
70 £ M l ' E M l * S I ( 3 T d . l 2 ) * 6 E A K ( j . l ' 

E M 3 a E M 3 . S I G S ( I , I 2 ) . S u M E 
E M 4 a E M 4 * S I Q S l ( I , l 2 ) « S 0 j F ( J , I ) 

g^,6aEM6*VlNV( I . l 2 ) . S 0 M E 
GO TO 67 

69 M A B U - I . I 
I F d l . I ,GT,NDS)GO TU 67 
M 5 ' 2 5 
M 6 . 0 
DO 139 J 5 a l , M 4 
M5»M6.M5 

139 M 5 . M 5 . 1 
M 4 p l . M 6 
6 M 3 . E M 3 . S T R ( M 4 . I 2 ) . S U M E 

I F ( I - I 1 * 1 ) 6 7 . 7 9 , 6 7 
79 E M 4 . E M 4 . S T R 1 ( I . I 2 ) * 3 C J A ( J . I * 1 ) 

67 CONTINUE 
I F ( I T O U T , N E , 4 0 ) G O TU 667 
PRINT 5 2 1 , S 4 M E . S O M . S U M E , E E A K ( J . I ) 
PRINT S 8 9 , J , J 7 . I . 1 4 . I 1 . 1 9 . S U M ? . S U M S . S U M 6 . S U M 7 

389 F 0 R M A T ( 6 I 5 , 4 E 1 8 , 6 ) 

667 M l ' M ? * ! 
I F d . N E i N 5 ) GO TO 66 
I F ( N 0 T , N E , 5 , A N D , N 0 T . N E . 6 ) S U M 5 . S U M 5 * B S V ( J 7 , 1 1 ) 

64 CONTINUE . „ „ . , , I . 
I F ( N O T . N E . 5 , A N D . N O T . N E . 6 ) S U M 6 ' S U M 6 * B S V ( J 7 . l ) 

^ F ( N O T t E 0 . 5 , O R . N O T . e Q . 8 . 0 R . N O T . E 0 . 1 0 ) E M 1 A . B M I A . 9 S V ( L 6 , I ) 

3 6 0 ^ F ^ Q ^ W T r 4 H * ^ j ' 7 : l i i : ; f x : l H r , : 1 ^ ? ! * 5 ; : U l u M 5 . . E 1 8 . 6 . , x . , H 8 u H 4 , . E l 8 , . , B X . , 

l H E M i A . , E l 8 . 6 . 2 X . 3 H I 4 , . t 2 ' . 2 X . S H l 9 a . l 2 ' 

142 CONTINUE 

SUMN2,SUMN2.EM2 
EN1,N8-N7.1 
EMl,EMl.ENl 
EM5,EM5.EN1 
EM2'EM2.ENl 
EM3.EM3.ENl 

VUsiGHld5.j7)'(EM2*s'JM7)/(SUM5.sUM2*ENl*25.132741) 

IF(15.14) 65,318.73 
318 v l N V H d 4 . J 7 ) = E M 6 / S U M 2 

1^rNSV.Eif5;o'R:iol!Eo:iKS^!E0.10. S,9TH<I4,J7).SIGTH.I4.I.7,.EM 

1IA/(2>* S U M 6 ) 
S I G S H ( I 4 , J 7 ) = ( E M 3 . S U M 7 ) / ( S U M 5 . S U M 2 * I N 1 * 2 9 . 1 3 2 7 4 1 ) 

319 SI Q S 1 H ( I 4 , J 7 ) ' ( E M 4 . S U M 7 ) / ( S U M 9 * S U M 2 . 6 . 2 8 3 1 8 9 S * E N 1 ) 

QO TO 69 
73 M9'2 5 

MlO.15-14.1 
IF(I5.I4.QT,NDS)G0 TO 65 
lF(15-l4.GT,NDSH)NDSHal9.l4 

Mll'O 

DO 74 J5.1,MlO 

Mii.Mii*M9 

http://EM3.EM3.ENl
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74 M9.M9.1 
Ml0.14*Mll 

80 

STRH(MlO.J7)-(£M3.SUM7,/,SUM9,SUM2.BN1.29.132741) 
IF(15.14-1)45,80,65 

?J?Q?BI!;^I",7^''!;^''*'^'^'5'J"»*S"«2*6N1»6.283,853) 
IMSTRlH(14,J7),N£.o. )NP9H.l 

65 N7'N8*1 
SUM.0,0 
DO 75 J5.i,NHGP 

75 S U M ' S U M * V U S I G H 1 ( J 5 . J 7 ) 
DO 76 J5.1,NHGP 

76 CHlHi(J5).VuSIQHi(J,,J7)/3UM 
V U S 1 G H ( I 4 , J 7 ) ' S U M 
PRINT 520,14,J7 

PRINT 521.(CHIHi(J5),J,,i,NH0P) 

"%^?Fn*IcrtSM ^ ' " ' ° ^ SPFCTRUM FROM HOMOGENIZED QROUP I3.?0H HCMOOEN 
* I LCO HfcQI O N I^ ) 

521 F0RMAT(7(3X,Ei2,5), 
IF(MlK.NE.2) GO TO i 4 
XNO.NHGP/5, 
NNQ.XNO 
FNO.NNO 
IF(xNO.FNO)308,S08,3ii7 

307 NNQaNNQ*! 
308 PUNCH 306,NNO,14,J7 
306 FORMAT (14H,THE FOLLOWING ,l2.5oH. ENERGY DEpEND FIsS SPEC FRAC CA 

IRDS ARE FOR GROUP .I2.9H.. RIGION iI2) 
NCARD.l 
NCRDTP,2 
MQ.l 
N0a5 

303 IF(NHGP,GE.NQ) QO TO 3ll 
NO'NHQP 

301 PUNCH 302,ISET.MATNAM.NCRDTP.I4.NCAR0.(CHIHl(J9).J9aM8,N0) 
NCAHD.NCARD*I 

302 F0RMAT<A9,I6.lX,Ii.2i3.1X.5El?.4) 
IF(NHQP.NQ)304.304,J..5 

305 MQ'MQ*5 
NQ'NQ*5 
GO TO 303 

304 CONTINUE 
1F(SUMN2.LT,SUMN1) UO TO 143 
SUMN1.SUMN2 
DO 720 J5.1,NHGP 

720 CHIH(J5,J7).CHIH1(J9) 
143 N5aN6*i 

N2»N3.1 
IF(ISAVE.E(3,C)Q0 TO 72 
J8aj7.LFREG.1 
DO 721 j5al,NH0P 
SIGT(J5,J8).SIGTH(J9,J7) 
SIGSlJ5,J8>aSIGSH(Js,J7) 
SIQSl(J5.J8)'SIQSlH(j5.J7) 
VUSIG(J5,J8).VUSIGH(J5.J7) 
CHKJs, J8)aCHIH(J5, J7) 
VINV<J5,J8)«V1NVH(J9,J7) 
IF(J5,E0.NHQP) GO TO 7?1 
STRiIJ5,J8)aSTRiH(JS,J7) 

721 CONTINUE 
DO 722 J5.1,234 

722 STR{J5,J8)'STRH(J5,J7) 
72 NN6aIl(N3) 



138 

REWIND 2 
R E W I N D 8 

; NOW PRINT AND PUNCH HOM X-SECTS 
K7aO 
PRINT 522 
PRINT 542,(LHGPd).I'l.NHGP) 
PRINT 543,(LHREGd).lal.NHREQ) „.,,,^- .,.,̂ , 

542 FORMAT(lHo,4X,24HLOW£R QROUP R O U N D A R I E S . 2614 
543 F0RMAT(1H0.4X,25HUPPER REGION BOUNDARIES a 616) 

DO 100 1,1,NHREG 

922 FORMATdHl.ZX.SOHHOMOQENlZED CROSS SECTION D A T A ) , „ , , , Q „ J . .,X, 9H. 
923 F0RMAT(///4X.11H *•"'*''• * ^ " c ? ^ 2 ? ^ ! ! . : ^ ? ? i ; , S S i s x U H i D l r 

ISIGMA S.,5X,9H.SIGMA S.,5X,lOH.NU-SIGMA*.4X.9H*FISSION*,SX,11H.UIF 
2FUSION..5X.9H.INVERSE*/4X.7H.REGiON.I3.1M*,10X.7H.TOTAL..7X.9H* I| 
3R0 .,5X,9H. ONE ,,5x.9H.FISSION.,9X,10H.SPECTRUM.,2X,13H.C0Erri 
4CIENT.,3X,10H.VELOClTY./4X,liH**«********» 

524 F0RMAT(6X,9HH0M GROUP I 3.3X.7(1X,£13.4'> 
529 F O R M A T ( 1 H 0 , 3 X , 1 5 H T R A N S F E R MATRIX) 
524 F0RMAT(9X,9HD0WN*... l2/(5El8.6)) 
927 rORMAT(7X.llHPl DOWN*** I2/(9£1B.4') 

DO 101 J,1,NHGP 
SUM,l,/(3,*SIGTH(J,I)) , , .u.ui I I 

101 PRINT 524.J,SIGTH(J.I),SI0SH(J,I).SIQS1H(J,I),VUSIQH(J.I>.CH»H(J,I 
1).SUM,VINVH(J,I) 
IF(NDSH)103,103,102 

102 PRINT 525 
M,l 
DO 104 11,1,NDSH 
L'NHGP-U'l 
M 7 . L * M 
PRINT 526,Il.(STRH(M6.1),M6.M,M7) 

104 M'26*M-|1 
103 IF(NPSH)106,106,105 
105 M 7 , N H G P . I 

PRINT 527,I,(STRlH(M6.l).M6al,M7» 
C NOW PUNCH HOM X.SECTS 

528 FORMATI12,IlO,5El2.») 
106 IF(MIK.E0.2) CALL X U P C H 

1F(MIK.NE,1) GO TO 1 0 
PUNCH 544,(PR0BT(M8),M8.1,12) 

544 F 0 R M A T ( 1 2 A 6 ) 
M . ( L F R E G . I . 2 ) . 2 6 
Mi'M.50 
M 2 ' M * 7 0 0 
M3.M.1350 
M 4 , M » 2 0 0 0 
M 7 ' M * 9 7 7 5 
M 8 , M . 2 6 5 0 
M5o(LFREG.I.2)*23 4.J3 0n 
M6'M*9152.LFRE0-I 
Kl'5 
DO 108 K ' 1 , N H G P , 5 
MMl'Ml.K-1 
MM2'M2.K-1 
MMS.MS.K-l 
MM4.M4.K-1 
MM6.M6.K-1 
MM7.M7.K-1 
MM8.M8*K-1 
IF((NHGP-K),LT.5)KlaNHGP.K.l 
NllaKi*K-l 
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I F l K l . L T . D GO TO 20u 
N l l a K l . K - l 

108 PUNCH 528 ,K l ,MM6, (STRlH(Nl '^ , I , ,N i a K . N l D 
200 IF(NDSH)109,109,110 1 - < " ' ^ 1 •K,N11) 
110 K2,5 

DO 111 K,i,234,5 
MM5aM5»K.l 
IF((234.K),LT,5)K2a234.K 
K3.K.K2.1 

111 PUNCH 528,K2.MM5.(STRH{K4.I).K4.K.K3) 
109 PUNCH 545 
545 F 0 R M A T ( 7 2 H . . . . . . . . . , . , . . , , , , , , 

1***............,) ***** * *•*••.* 
100 CONTINUE 
114 AC69.(TIMEBEG.TIMELfcFT(AC69)). 061 

PRINT 54i,AC49 • ' " 

" \ O 2 D S ) ' " ' " ° ' ° ' * ^ " " ^ INCLUDING INTEGRATION EDIT TOOK F9.3,IH SEC 
RETURN 
END 
SUBROUTINE XLPCH 

COMMON/Al/LL(250),£d7439),CC,6);NN(2l),.R.Lc,NA,NOF,iF,N.F,1,J. 
1 K , L , M , J I , J 2 , J 3 , J 4 , J » , M I , M 2 , M S . M 4 . M 5 . M 4 , M 7 . S O M E . S U M . A J . S I . S ? . > 0 L . 
3FS?*NFx;'Ki'jM?''MrMi:'°!'''"^"''^''"'''''"=""^l'^'<'f'*-f"'6^1.EIG 
3EN2.NEXT,K3.MM5,lII,MM4,Kl,K2.NCTR.POHR2(ia9).pawR3(189),sC{150.26 
4),XK(3),VX(3).TlMEBfcQ.nUTCON.SEABr0N.ElG^3,ScFLUX(150.2*).IJKl. 
9EM1.MATNO(20).ISET,PROBT(12),ISAVE.EL0WER(27) '""-'S'-'J I' 

DIMENSION II(40),MIH(4n),DELR(40),POWRl(189).£MU(22),ALPHA(2-,26) 
?S(^r^a?'?S!;^r^i?''^i-!"'^'2'''^"'5'"<2'^-"'.SlGS,(?6.?5),VUSI 
2G(26.25).CHI(26.25).STR(?34,?5).STRl(25.25).vlNV(24,25).LHGP<26). 
3LHREG(6),CONC(40),MlX(40),MTlx(?8).NTMlX(20).GAMMAd0.2,26),SuCK( 
4 2 6 , 2 5 ) , B E T A ( 2 , 2 6 ) , L H A T E ( ? 9 ) 

EQUIVALENCE(LL(1),MAX ),(LL(?).JMAX),(LL(3).NOR),(LL(4).N).(LL( 5). 
lNDS),(LL(6),NPS),(LL(7),N0T).(LL(e).lT0uT).(iL(9).LcO).(LL(lC),MIK 
2),(LL(ll),LPG),(LL(12),IDP).(iL(13),MuTEST),(LL(14).JSP),(LLll5),N 
ASII i"i ! If !r' ̂ *.','̂ SJ "'•'LkdT), KREG ).(LLd8).NSOs ).(LLd9). NFOS ).(LL< 
420),KlfJ),(LL(2i),iauK),(LL(2?),MAOj),(LL(23),MFR),,LL(54y,n;),(LL 
5(25),IEX0P),(LL(26).II).(LL(66),MIR),(LL(1 i6),Mlx),(LL(i46),-TIX), 
6(LL(166).NTM1X).(LL<186).NHGP ).(LLd87).^HREfl).(LL(188).LMRE" ). 
'(LL(198),LHGP),(LL(224),LFREG),(LL(225),NRATF),(LL(226) LR»T ) 

EQUIVALENCE(LL(220).NFRE0),(E(I).£PSI),(E(2),EPS?).(E(S),EPS3),(E( 
14),FAC), ( E ( 5 ) . T H E T A ) , ( E ( 4 ) , S E N ) . (E d ) ,SGES >. (E ( 8 ) ,RR ) . ( F ( 9 ) . M N ) . ( 
ZE(10),DELR),(E(50),3IQT)'. (£(700). SlQS),(E( 1350). SlQsl),(e(20t 0),VU 
3SIG), ( E ( 2 4 5 O ) , CHI),(£(3300),STR),(E(9i5o),STRI),(E(9779),vlN»),(E( 
410425 ), ALPHA ), (Ed 0477 l.BETA ),(£(! 0929 ),3AMMA).(E (11049 ),D£U A ),(£ 
5( 11421), EMU), (£(11643).CONC).(£(11683),POWRl).(£(1187?).BUCK,,(E( 
612522).SVM) 
E0UIVALENCE(uA.uA2) 
EQUIVALENCE(BSCl.BSC),(BSCl(l).VUSlQH),(9SCl(157),SIGSlw).(BSCl(3l 

lS).SIGSH),(eSCi(469),SlGTH) 

DIMENSIONUA2(400).SIGCAP(26.25).SlGCAV(650).SlGFlS(24.25).St«riV 
1(650),ESCAP(26.41),6EAK(40,24).BSC(40,26),VUSIQH(24,4),SIQS1W(24,4 
2),S1GSH(24,6).S1QTH(26,6) 

,SSl!!'^2'^^!io!?t^i4^**''f^*'<l'l''40).BSCl(1040),BSV(40,2«),SHAP«9). 
1D0N(5).STRH(234,4),STR1H(26.6).NPSH,NDSH 



140 

500 

DIMENSION 
*^QuIviLEN?^(UA2d),SlTRH),(UA2(,,7).CCD),(UA?(i8S).vlNVH) 

BANK<0),/2/,/A2/.XLPCH.HOMOQ 
BANK(1),LINK5,/A1/ 
NDSH.12 
IF(NHQP.LT.12'NDSH'NHQP-1 
MATNAM'LFREG.1-1 
PUNCH TYPE.PLUS CARU 

A D E N ' l .0 _ _ T . ,> ,., AN I 

PUNCH 500,IS£T .MATNAM.ADEN,{PR0BT(J).J'1,6),I 
FQRMAT(A5,I6,1X,1H*,E1?.9,5HT£SS ,2X,6A6,7HHoM MAT,13) 
NTYPE'O 
Ml'O M'l n oPTai, TR OPT H 

X-SECTS 
'ABS IN TYPE 1 CARDS 

PUNCH ZERO-TH QROUP TYPE 0 CARD, E OPT BL, 
PUNCH 501.ISET . MATNAM .NTYPE , MI'.ELOWER d ' 

501 F0RMAT(A5,I6,lX,Il.I3,4X,El2.5,12X,E12,5) 
DO 2 Jal,NHGP 
M7'LHQP(J)*1 

2 PUNCH'50l!l'sEf ".MATNAM, NTYPE, J, EL0gER(M7),E9 

NOW PUNCH TYPE 1 CARDS ,...»,k,r V er 
BUT FIRST COMPUTE ABS AND TOT SCATTERING x-SE 
NOTE THAT CAP'O, SlQFlS'ABS AND NU'NUSIQF1S/A 
M5'NHGP-1 
DO 10 Jal.MS 

10 CCSl(J)aSTRlH(J).SIUSlH(J,I) 
CCS1(NHGP)«SIGS1H(NHQP,I» 
DO 3 J.l,NHGP 
M3ao 
SUM'O.O 
M2a26 
IF(J.NHQP)12.11,12 

12 DO 4 K.l.NDSH 
K1'J*M3 
SUM.SUM*STRH(K1, 1) 
M2.M2.1 
IF(K*J-NHGP)4.11,11 

4 M3.M3.M2 

11 CCS(J)aSUM.SlGSH(J,I) 
CCD(J).l./(3.*(SlTRH(J,I).CCSl(J))) 
CCA(J)'SIGTH(J,I).CCS(J' 

3 CCF(J).VUStGH(J,I)/CrA(J) 
NOW PUNCH TYPE 1 CARDS 
CAPT'0.0 
NTYPE.l 

5 PUNCH 503,ISET ,MATNAM,NTYPE.J. CCD( J), SIQTH(J.I).CAPT.CCA(Jl,CCF( 

; "''SrPuicS'npPz'JiADi'fF'lloufJED.THlS QIVEs FISSION SPECTRLM 

NTYPE'2 

DO 6 J.l,NHGP • 

IF(CHIH(J,1))6,6.7 
6 CONTINUE 

00 TO 8 

http://m3.m3.M2
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7 NaO 
M8.0 
DO 9 Jai.NHQP, 
M8aM8*l 
N I B J . 4 

IF(J.4.GT,MHGP 
9 PUNCH 506,IS£T 

906 F0RMAT(A5, 14.1 
C NOW PUNCH SCAT 
C FIRST WE MUST 

8 NTYPE.3 
Moao 
Ml'l 
DO 13 J.l,NHGP 

e DETERMINE NO. 
KO.NPSH 
I F ( N H Q P . J , L T . N 

C NO UPSCATTER A 
NF.O 

C ONLY 1 P - i DOW 
I Q l ' N P S H 
I F ( J . E Q . N H G P ) I 
NFlaO 
PUNCH 5 0 4 , I S E T 
I F d C C S K J ) , E Q 
PUNCH 5 0 4 , I S E T 

904 F0RMAT(A5,I6,1 
13 CONTINUE 

C NOW PREPARE TO 
NTYPEaA 
NNOP.NHQP.l 
DO 14 Kal,NNGP 
CON.CCS(K) 
M3.0 
M4aO 
M2.26 
IF(K.NH0P)i8,i 

18 DO 15 jal,NDSH 
M4aJ 
KiaK.Ms 
CCA(J*1)'STRH( 
M2.M2.1 
IF(J»K.NHQP)15 

15 M3'M3*M2 
C THE P"0 TRANSF 

16 CCA(l)aSIGSH(K 
C NOW PUNCH P.o 

M5aM4*l 
N5al 
DO l7 Jal,M5,5 
N4aj*4 
IF(J*4.GT,M5)N 
PUNCH 5o5,lSET 

905 F0RMAT(A5,I6.1 
17 N9.N9.1 

C NOW PREPARE P. 
IF(NPSH,EQ,0) 
N5al 
CONaCCSl(K) 
CCF(i)aSIGSiH( 
CCF(2)asTRlH(K 
IF(K.EQ,NHQP)C 
PUNCH 505,ISET 
CONTINUE 
CONTINUE 

)NlaNHGP 
. M A T N A M 

X.II.IS.I 
TERINU X. 

FIND T O T A 

NTYpe.M.M8,(CHlH(K.I).K'J,Nl) 
3.1X,5F12,5) 
SICTS. AS TYPE S I E L A S T I C ) 
L P-1 SCATTERING X-sEpT^ 

OF POSSIB 

DSH) KQ.N 
LLOwED 

NSCATTER 

Gl'O 

, M A T N A M 

.0.0).AND 
,MATNAM 

X,Il.I3.S 

LE DOWNSCATTER GROUPS alQ 

HOP-J 

QROUP 

.NTYp|.j.Mr,CCS<J).NF.KQ 

. ( I Q I . F O . 6 ) ) GO T O 1 3 

. N T Y P E . J . M I , C C S I ( J ) , N F I . I Q I 
X'.Il.gl2.9.l3.l3) 

PUNCH T H E TRANSFER MATRIX 

6,18 

Kl)/CQN 

16,16 

ER VECTOR 
)/CON 
VECTOR 

IS NOW COMPUTED FOR GROUP K 

4aM5 
( M A T N A M 

X,II.IS.I 

1 VECTOR 
QO TO l4 

.NTYPE.K.N5,M0,<CCA(Ki),KiaJ,N4) 
3.I1.9E12.5' 

14 
1 

K)/CON 
)/C0N 
CF(2)ao.o 

.MATNAM.HlTYPE.K.N5.Ml,CCF(l).CCF(2) 
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APPENDIX F 

Sample Problem 

Shown below are the UsUng of the input card deck and the o^tP^' ? " " * 
for a very sxmple two-group, two-region, anisotropic-scat ter , - - P j ; P / "^" 
lem. Although the problem is not a practical one, it uses many of the fea-
tures and options of TESS and hence would serve as a good test case . Pa r t 1 
Talculates the real and adjoinLLluxes, then spatially weights the macroscopic 
cross sections using the ^ 1 ^ ^ bilinear weighting option. The cross sec­
tions are on cards, so the problem is completely self-contained. 

The change-case capability is used to follow Par t 1 with a ^ o n d 
pass which spatially homogenizes the cross sections using the VI - H Hux-
weighting option. Rather than repeat the flux i terat ions, the fluxes from the 
cell calculation in Pa r t 1, retained in memory, a re used. 

1. Listing of Sample-problem Input Deck 

TESS 
.6 
5 
2 
4 
3 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
2 
2 
4 
1 
1 

1 
1 

1 

1 
NOT 

1 
1 

TWO GROUP-TWO REGION TEST PROE 
1 

23 
66 
106 
186 
198 

1 
10 
50 
76 

700 
726 
1350 
1376 
2026 
2676 
3300 
9150 
9775 
9801 
11643 
3534 
9175 

7 2 
1 I 
3 4 
3 1 
2 1 
1 2 

.0001 
2.25 
3.0185 
10. 

2 
0 

4 
2 

2.9852 
9.5 
0.01 
0.1 

0.0 
1-0 
0.33333E-
0.001 
7-23 
7.23 
0.0 
0.5 
0.001 

E-
E-
E-

4 
5 

2 

•01 
•01 
-10 
-10 

1 1 10 50 
7 

0.5 
6.963 
20. 
6.963 
14. 
0.02 
0.2 

6.0 
0.0 

2.29 E-09 
2.29 E-09 
0.05 

EQUALS 15,SPACE COLLAPSE 
7 
1 

15 
.0001 

0.0 0.01 
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2- Sample-problem Output 

TESI TWO GROU^-THO BEQlON ri8T PflOSLe-'.NOT BOUALS 10.9P>CG COLLAPSE 

PROGRAM TESS 69A 

SLAB 8E0METRV 
FLUX CALCULATION OF OU*L TLuX-ADJOIMT OPTION 
INPUT DATA •••••••••••••• 

060METRV INDICATOR ..,. 
NUMBER or POINDS 
NUMBER or RESIGNS 
NUMBER or GROUPS •••••• 
DO'^NSCATTER QROUpS •••• 
ANGULAR APPR0KLM*TION • 
ANGULAR INTERVALS ••••• 
PO^'ER G U E S S OPTION •••• 
CONVERGENCE OPTION •••• 
OUTPUT OPTION •«••.•••• 

E L E H S . IN MIX. VECT. •• 
INPUT PRINT OPTION •••• 

ITERATION MAXIMUM ••••• 
Pl-DOWNSCATTER •••••••• 
TAPE ELEMENTS ••••••••• 
SEARCH OPTION •••••••.• 
SIARCM ZONE ••*••«..•.• 
SEARCH POS. IN MIX*.*.* 
riLL ^OS. IN MIX 

BuCKLiNQ INPUT OPTION • 
NO, or REACTION RATES • 
HOMO O E N I Z E D OROUpS •••• 
HOM0QENI2ED REGIONS **. 

EPSILON *••••••***..•.• I 
INITIAL RADIUS *••«.•*. 0 
EXTRAPOLATION FACTOR •* o 
NORMALIZATION FACTOR •• 1 
SICOND QUESS •••*•*•*.* 0 
EIGENVALUE OESIRED **.• l 
SEARCH RATIO ••••*.*••• 0 

ooooo-ofl 

000D0*o8 

00000*0D 
oaoo^*o| 
00000*00 
00000*00 

REGION DATA 

REGION RiQION 
MATERIAL 

3 
4 

MAXIMUM 
POINT (NDIX 

9 
t 

DELTA OUTiN 
R RADtuS 

3,29000.000 «.00000*010 
',00000-001 1,00000*011 

ANGULAR DATA 
MU 1*-1,00000.000 
HU 2*.9,00000.001 
MU 3* 0 .00000*000 
MU 4* 0,00000*000 
MU 9* 9,00000.001 
MU 6* 1.00000*000 

MIXTURE DATA 
1 3 0.00000*OCOa 
2 1 9.00000-D02* 
3 4 O-OOOOO'OOO* 
4 2 l.OOOOO-OuZ* 

NO riXEO SOURCE IHPUJ 

MIX. 

MIX. 

BOUNDARY CONDITION SPECIFICATION 

PCRIOOIC BOUNDARY CONgiTlON 

ALPMA rOR ALL BROUPS • l.OOOOO.OOO LErr. AND 1.00000*000 RISFT 

CROSS SECTION DATA 

•MATERIAL 3* 

GROUP t 
GROUP 2 

•SISMA* 
•TQTAL* 

1,90929-001 
3,4Bi»i-oDi 

*S|6MA S* 
* Zf»o • 
1.499«(>*00l 
3.4»i»o-001 

•SlQMA 9* 

.* «°'^^ -• 9. GOnOO-004 
t.00o00*003 

•NU-SIIMA* 

*fissroN* 
0,'^0000|000 
0.00000^000 

*ri9S|0N* »fiUCKLIHO* 

•SPECTRUM* 
0.00000*000 0.00000*000 
0.00000*000 0.00000*000 



144 

TRANSFER MATRIX 
DOMN**** 1 

lt&66690-003 
P"l DOWNSCATTER 

9,000000-006 

.SSH55J"-:. .S.O".. .sia s„H. ,. .»u.,j.||.. .nss,o..^ ..UC«L,»O. 
. T O T A L " ' . ^ ^ ° ' , , * „ o S ! ! ! nU n i n S S o i O O O 1 . OOOOO.OOII 0 . OOOOO.OOO 

S 5 ;̂nSS:::Sl lllZZl \:HZ"„l l-.ZH-l^ «.ooo«o...s ..oa....... 
TRANSFER MATRIX 

DOWN.*** 1 
9,000.0.-.03 

P'l DOWNSCATTER 
1,000.00..09 

END or INPUT pRlNT 

NO, Op'poINTS Ptn READ . 7 NO, O' READS . 1 
NO, OF LONER AND UPPER HORDS FIRST READ . S21 AND 3S« 
NO. Of LONER AND UPPER HoROS LAST READ • J'l AND S'» 
TlMBl. 1.3A7 T1"E2. 1.718 OROUP ' 
TIHEl. l.»74 TIMEJ. 2.5«« QROUP 2 
ITERATION BEGUN AT TIKE • 5-107 

;x;. •"?!•?•!..;:•"••«! ;;•:. ••nSriCi B ^ . •^•-

;;•:;. •:=;«;,,.,•:••:!•!;;::;. "Tk-€- Krwis. •'rSk 

**•.OUTPUT DATA**** 

FINAL ITERATION* 3 FINAL MULTIPLICATION FACTOR" 1.000741*000 

UP 1 
NUMBEI 

I 
2 

RADIUS MATERIAL FISSION QfOUP __ 

0 0000..00 3 O.OOOO.OOO 5.0AAS.001 1,6769.101 
S'SSOO.OOO 3 0 0000.000 4,9993.001 1,««04.101 
A'SooO.oao 3 o.oSC.OO 4.9420.001 1.8290.101 

4 6 7900..00 3 O-O.PO'OOO 4.9993*001 1.84n4.101 
9 9,0000'000 3 o.ojicO.OOO 9.0S49-001 1.«7S9..01 

9 9 0000.000 4 l.o6»«.000 S.0449.001 l.*789.,01 
6 slSoOO'OOO 4 9:9340.001 9.0779-001 1.B969.I.1 
7 1,0000.001 4 ).0066.000 S..649-001 1,6789..01 

AUXILIARY OUTPUT FOR QROUP 1 

y^nigpHERE- HEMISPHERE- ANOUkAR FLUXES 
SCALAR FLUX CURRENT.LEFT CURRFNT.RIOMT FROM MU.l. TO -1. 

0.000 9.064944.001 -1.737569.001 I.274891.001 4.019008.000 4.045989.0 
3.913439.000 3.943747.0 

PT RADIUS SCALAR FLUX CURRENT.LEFT CURRFNT.RIOMT FROM Mu.i. lo -i. 
I 5.J00OOO.OOO 9.06494i.o01 -,.737569.001 1.274891.001 ••;!;;;«•;;; *,-;iUt'i;°0°0 ' • " " " • ° » ° '••"?»«.00o 

2 2 25nn||0.000 4.999343.0.1 .1.234468.001 1.293019.ool 3;9to311.000 41 |,(|08o9.000 3.909262.000 3 .«7«437.00ii 
• °°''° "° 3.919981.000 3.943979.000 

3 4 900000.000 4-942 22.001 -1.24C796.001 1.240786.001 3.9630.3.000 3.992898.000 3.862147.000 3.B6J147.00n 
j^^jj,j,^juj 3.963003*000 . . . 

4 6 790000.000 4.959343.001 -1.293019.OOl I.234468.||ol 3.9.3979.000 3.92598,.,00 3,879437.000 3.9o»262.00n 
• 0000.00" 4..1.809.000 3.99031,.00. 

5 9.0000.0.000 9,064944.001 -,.2748,1.00. 1.2379.9.0,1 J.;;',;;;*.;;. J-Jj^Jj;-.;;; » • " " " . . . . '.37.....00O 

6 9.9000.0.000 9.077464.001 -,.297629.001 1.297629.001 3:9'7171.000 3.991786.000 4.201329.000 4.80,-329.OOS 
3,9(1786.000 3.977,7,.000 

7 1000000*001 9.064944.001 -,.237969.001 1.274891.001 4.0190.8.000 4.049969.000 - " • • — » " ' - - - -
i.ouuuu" 3,943439.000 3.943747.000 

4,378840.000 3.99»986.00n 

http://-1.24C796.001


A U X I L I A R Y OUTPUT FOR QROUP 2 

RADIUS SCALAK F,UX ^SSilN^fJl^T cSSj^:?! ; ! 3-T f p ' S ! ! ' J ^ ^ ' f r 
0 . 0 0 0 0 0 0 * 0 0 0 1 . 6 7 « o 9 . o o i . - . 4 9 9 ^ * 0 0 0 V n 5 9 i ' ; : n l ^ ^ I S S ^ o o " 

2 . 2 9 0 0 0 0 * 0 0 0 1 . 6 4 0 3 7 4 * 0 0 1 . 4 . 6 , 8 0 4 4 * 0 0 0 4 . 4 4 ? 3 , * . 0 n Q J i S i S H S r S S ; 

4 . 9 0 0 0 0 0 . 0 0 0 1 . 8 2 9 46*001 - 4 . 9 6 M 0 6 . 0 0 0 * .'^684,,.,,o l ^ ' l l l l l l l l 

6 . 7 5 0 0 0 0 * 0 0 3 1 . 8 4 0 3 7 4 * 0 0 1 - 4 . 4 4 2 3 9 6 . 0 0 0 4 .6 : . a044 .000 uVtllltll'l 

« . 0 0 0 0 0 0 . 0 0 0 1 . 6 7 - 9 0 9 * 0 0 1 - 4 . i i 9 5 i « . o 00 V 4 8 9 , „ . o o O ; : 0 " l 2 : S 5 ; 

« . 5 0 0 0 0 0 * 0 0 0 1 . 6 9 6 9 9 , . , 0 ^ -4 . , 7 6 9 i 7 . o o o * . 2 T 6 9 i 7 . o , 0 J J ' ^ J " : ; ? ! 

1 . 0 0 0 0 0 0 . 0 0 1 1 . 6 7 8 9 0 9 * 0 0 1 . 4 . 4 8 9 1 1 1 . 0 0 0 4 . n „ , * . o o O J j S J S " ! ? " " 

00 
00 
00 

1 . 4 * 0 9 9 4 , 0 0 0 

.310883*000 

. 4 3 8 9 1 ? . 0 3 0 

. 399*67 .000 
,*62914*000 
,4a4Ti« ,o i )g 
. « 4 2 ? 7 8 . 3 0 0 
, 4 7 8 4 » 1 . 5 3 0 
, 3 9 9 f 3 3 . O i ) 0 
, 4 3 o 9 9 * . o o o 
3 6 4 3 9 7 * 0 0 0 
3 6 9 9 9 7 * 0 , 0 

3 9 9 « 4 « . a O O 
3 l 0 8 8 9 . 0 0 0 

4389i?*ooo 

1 .032836 . 

1 .616732 ' 

1 . 4 9 o 3 2 4 . 

1 .4924334 

1 . 3 6 8 6 4 4 , 

l . I < 2 < 0 » * 

1.032836« 

0 0 0 

000 

000 

000 

000 

000 

. 3 6 l 8 4 6 « o 0 n 

l < 4 9 » 4 3 3 * B 0 n 

. 4 9 B 3 f 4 . D 0 n 

. 6 l « 7 s y * o o n 

1 . O 3 » t 3 6 . 0 0 h 

. I 4 f 4 o 9 * o 0 f t 

. 3 B 8 8 4 6 . 0 0 n 

REQION 1 

R E G I O N 2 

T O T A L * * * 

NhllTRON BALANCE C M A R A C TgB M T ICS Q R Q U P 1 

INTEGRATED I N T E Q R A T E D T O T A L TOTAL 

'' '-UX r i X E O SOURCE ABSORPTIONS » I S $ I O N S / K 

4 , 4 8 3 1 8 2 * 0 0 2 

9 . 0 7 1 0 0 4 * 0 0 1 

4 , 9 9 0 2 8 2 * 0 0 2 

F I X E D SOURCE 

o.ooflo3:*ooo 

0.00009~*ooo 

0.000060*000 

.7.397291.OT4 |,000000*OOC 

• 1.363619,010 >,000000*000 

-7.397253*004 1,000000*000 

NIT 
LEAKASE 

.7,464498-001 

7.4«4498-a01 

-9.313226-010 

N6UTR0N BALANCE CHARACTER I»TIC9 QRQUP 2 

REGION 1 

^EQION 2 

TOTAL*** 

INTEQRATED 
FLUX 

1,617499*002 

1,667900*001 

1,764249.002 

INTEGRATED 
FIKED SOURCE 

o,o6oo3'~'*ooo 

o.oooo9c*ooo 

o.ooood-*ooo 

TOTAL 
ABSORPTIONS 

0.00 1000*000 

1.00)740*000 

1. OD'1740.000 

TOTAL 
MSSIONS/K 

1,000000*000 

1 .090000*000 

1 .000000*000 

7 

-7 

.3 

NIT 
LiAKAQE 

471899-001 

471699-001 

492460-010 

REACTOR NEUTRON BALANCE 

TOTAL**. 6,774531*002 O.o6oo9c*000 1.000006*000 1,00000 
THIS CASE CONSUHED 11.907SBCONDS OF COMPUTCR TIME 

-1.260969*009 

ADJOINT CALCULATION, CORRESPONDING TO ^RECEEDINQ FLUX CALC 

TESS TWO QROUR.TWO REGION TBST PROBLEM,NQT EQUAI S IO.SPACB COLL«RSE 

'*0. OF POINTS PER READ • 7 NO. OF READS • 1 
NO, OF LOWER AND UPPER WORDS FIR S T READ • S2i AND 394 
RO, OF LOWER AND UPPER WORDS LAST READ • 321 AND 399 
IN ON 2F''OM ITQ 321 

OUT ON 3rR0M ITO 321 
IN ON 2FR0M 3001TO 3394 

OUT ON 3FR0M 3001TO 3354 
IN ON STROM ITO 321 
OUT 
IN 

UUT 
IN 

UUT 

ON 
ON 
ON 
ON 
ON 

2FR0M 
8FR0M 
2FR0M 
3FR0M 
8FR0M 

110 
3..ITO 
3001TO 

ITO 
ITO 

321 
3334 
3594 
321 
321 

IN ON 3FR0M 3001TO 3334 
OKT ON 8FR0M 30.ITO 3394 
ITERATION BEdUN AT TIME • »«.li3 

ITER, EIGENVALUE EM.X POINT EMIN POINT C.I-.-E'S. INP.-JPS. 
1 1,00074.0.0 1.000^0.00. 6 1,.000..0.0 7 7,391701.04 1...000-00* 

TlMEl. 26.366 T1ME2" 26.374 TIMES. 27,278 T,Np4. 27,278 TIMe9. 27.279 TIMP6. 
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TIMEl. 27.474 T1ME2. 27.482 TIMES- 26.389 T1ME4. 28.389 T."F3 

ITER. EIOENVALUE E"« . „ " ' - " , oOoi'.OOo"'" O^^Oojr.'oio l.luu'-U, 

TI2EI. ' irnr?;MEi:"°2a:jJ5 T,SE,. 'iS!!5r?;ME4: 2S:,.2 T.ME,. 29.902 T.M,. . 

••••OUTPUT DATA**** 

FINAL ITERATION. 3 FINAL MULTIPLICATION FACTDR- l,n0074l*000 

RADIUS MATERIAL 

i" 0 0000.000 3 o.oioO.OOO 1.0007.000 l.nOOO.lOO 
2 2!2900.100 3 i.ojOO.OOO 1.0007*000 l'";';*'" 
2 '.f.?? ".? . " oJoO.OOO 1.0007*000 1,"000.100 

oloOOO.OOO 1.0007.0.0 1,.1000.1.. 
3 o'.OOOO.OOO 1.0007-000 1,0.00.100 

'A%J 

3 4,9.00.000 
4 6,790...00 3 

5 9 0000.000 4 l.oioO.OOO 1.0007.000 l.o;00..;0 
I 9'SOOO.OOO 4 1 0800.000 1.0007...0 I.OOOO.JOO 
7 I'OOOO.OOl 4 1.0800.000 1,0007.0.0 l.nOOO.lOO 

AUXILIARY OUTPUT FOR QROUP 2 

HEMIS'HERE. HEMISPHERE- ANOLLAR ADJOINTS 

PT. RADIUS SCALAR ADJOINT CURRENT.R lOMT CURRENT.LEFT "J',i;i;;.h,'°7'i.774T .r,» 

i o.Jooooo.ooo i.ooo-oo.ooo -2.560000-001 2.900000.0.1 j . ; , ; ; ; ; : ^ ; ^ 7:^^17:002 
7,997747.0 02 7.997747-009 

2 2,290000.000 LOOOOCOO -2.960 000-001 2.900000-Onl ; : ; ! ; ; j ; - J ° ^ ^:?; ; : ; :S°ol '•"""•"' ' • " " " - " 

3 4.500000.000 l.oOO.OO.iOO -2.96C0O.-..1 2.900000-00. ','• J',',?:;:??! 7:?r75r7:°oSI '•"""•'"' ' • " " • " • " " 

4 6,79,000.0.0 1.000„0,.000 -2.960000-001 2.500000.001 J .',S;;j?:5J2 ? -n ; ; : ; :S5 ' , ' • " " " • » . ' 7 . ,977 . , .00P 

9 9.00,000.000 1.000.00*000 -2.96-000-001 2.900000-001 5 : ' , ; ; ; ; ; : ; ; | J",',;;:;'-".!! ' • " " " • ' " ' • • " ' " • ' « ' 

6 9.5.0000.000 i.ooo.oo.ooo -2.56=000-001 2.„„ooo.ooi J . ; ; ; ; ; ? ; " ' ! J:???;:?:??! ' • ' " " " • ° ° ' ' • " " " • » " 
7 1.,.,0.0*001 1.000.0,-000 -2.96.0.0-001 2.9n0000.001 ;.?15?J5-.ni ^-.U;?!?'-!?! ' • " " " • " ' " 7.997747-.., 

AUXILIARY OUTPUT FOR OHOUP I 

HEM!SPHERE. MPMISPHERE- ANQLLAR ADJOINTS 

"; Tis^o.o.ooo ';:i;:7:;^;r.5^;"^2:::J5r ^:^:^^:^ " " - s i i i s f ^•ttnn::si '•'"*"•"" '•"""•"°' 
2 2.250000.000 1,00«749..00 -2 . , 6 l 8 . . - 0 0 , 2.901.97.001 ^ i ; ; " " ; - ^ V.IVAV,:^ ' • " » " • » " ' • ' " " ' • ' » ' 
3 4.9.0000*000 1.000746.000 -2.561.63-00. 2.9.1863.0,1 ; : « » 5 : : ; ; ^ '7 ;:tr6'6::rol ' • ' " " ' • " ' ' • ' " " - ' « ' 

4 6 .790. .0 .0 .0 1.00.7,9.000 -2.96.897.001 2.90.866.0,1 y,',^^:^ l^ltltlUlH ' . " " » • « " 7 . . 6 , . 9 , - 0 0 , 

9 9.0000.0.000 l..OO74,.OO0 -2.96.846-00. 2 . 9 0 . . 6 4 . „ 1 5 : « » ; ; : S 5 ' , ' l U s M ^ S S I ' • " " " • ° " ' • " » " ' - » » ' 

6 9.90.000.0.0 1.000739.000 .2 .56.«54.00. 2.90.894.0,1 ; . ' , < , » « - ; j | ^ - J t j n ' p l o l ' • " " " • ° ° ' ' • ' " " l - » < " 

7 1.0000.0.00. 1.00074,-000 . 2 .96186 . . . . 1 2 .90 .8 .6 .0 .1 ; : ' , ' . » j : : J 0 | l:lllVA:ll\ ' • " " " • ° " ' • • ' " " - " ' 
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NfcuTRON BALANCE CWARACTEfiI 57 ICS GROUP 1 

I-JTEGRATEO INTEGRATED TOTJL TOTAL N . T 

"•"" '•'"" SO'J«E 4RSORPTI0NS •ISSIO'-S/X L I A I A Q E 

REGION 1 9,006697*00. O-OOOOO^OOO -1 - 4«6l 09-0.9 1,000000*000 6-164964-011 

HEaiON 2 1,000740.01. 0.000000*000 -2.7,0902-012 1,000000*00= .7.279996-011 

TOTAL**. 1.000744*0.1 0.00000*000 -1.4.6106,0.9 LOOOOOO-OOO .2.9,0363-011 

N6UTR0N QALANTE CHARACTERISTICS GROUP ? 

I V T E G R A T E D INTEGRATED TOTAL TOTAL HIT 
^^^* FIKED SOURCE ABSORPTIONS >ISSIONS/K LEA^AtE 

REGION 1 9.000000*00, O-OOOftfi '000 0.001000*00 8 1.00 0000*0 0 0 3.69I999*006 

R E G I O N 2 1 , 0 0 0 0 0 0 . o o a o.oooofi - 0 0 0 6 . 0 0 ^ 0 0 0 * 0 0 2 •1 ,999965 -002 - 3 . 6 9 6 « 2 4 - o o 6 

TOTAL*** 1.000000*001 O.06oo6c*000 ». OO.iOOO.OO* »,999565-002 -1. O^lSOA.ou 

R6ACT0R NEUTRON S A L A N C I 

TOTAL*** 2,000744*0 01 0.00009''*000 9.998914.0 02 S .999949-002 -4 001777-011 
THIS CASE CONSUMED 32,839SIC0NDS OF C Q M P U T I R TIME 

AUXILIARY OUTPUT FOR PERTURBATION ANALYSIS 

INTEGRAL OF (FLUXlR.MU) TIMES ADJOINTlRiMUl>DiU DR 

REGION QROUP 1 QROUP ? GR3UP 3 OROiiR 4 GROUP 9 OROUP 6 
1 3,970298.001 1.287133,001 
2 4,036362.0 0 0 1.32T27?.oOO 

TOTAL • 3,974094.001 1.419860*001 
. . . C U R R E N T 1.122347*002 4.034741*001 
.Afi j .CuRNT 0 , 0 0 0 0 0 0 . 0 0 0 I . l 2 l 9 l ? * 0 0 2 
, ..CURRENT 1 ,25 7 8 6 2 . 0 0 1 4 . 2 8 9 615*000 
. A D J . C U R N T 0 , 0 0 0 0 0 0 . 0 0 0 1 . 2 9 6 9 3 0 . 0 0 1 % 

INTEGRAL 1 , 9 8 7 2 6 8 * 0 0 1 7 , 0 9 6 1 1 2 * 0 0 0 

INTEGRAL 3 , 6 8 0 0 1 ^ - 0 0 ' 1 . 7 7 6 7 i 9 . o i 3 

REQION.WISE TOTAL INTEGRAL OF ANOULAR FLUX TMES A O J O T N T 

R E G I O N i R E G I O N ? R E G I O N 3 R E G I O N A R E G I O N 9 R E Q I O N 6 

4,897390.0 01 5,369634*010 

TOTAL INTEGRAL OVER ANGLE. SPACE. AND ENERGY • 9.393994.001 

INTEGRAL OF ( (1/V (6 ) )PMI (g,R,HU)PMI*(e. *.''U) ) Q M U D R D E • 6.l24749"IOe 

INTEGRAL OF ( (CHI{I)PHI*(I.0)((NUSIGF(IiR)PHI(I.R), I»1,N0R)DR • 1.169499*006 

S V S T E N P R O M P T NEUTRON LIFETIME • 5.233217-008 ..,1.* ..v ,- . 1. . 

J7* 1 I. I SUMS, 1.987268.001 9UM6. 1,967261*001 EMiA, 3,6600lT.OOT 14, 1 I9» 1 
J7m 1 !• 1 S U M S , 7,o06ii2*000 9 U M 6 , I . 9 8 7 2 6 * * 0 0 1 E H I A , 3,66o6lT-6oT I4« 1 |9« 2 
FISSION SPECTRUM FROM HOMOGENIZED GROUP 1 M O H O Q 6 N I 7 E O R E Q I O N 1 

0) 00000*000 0 .o>)oou.ooo 
J7« 1 I- 2 SUMS. 1.987268*001 S U H 6 - T . O 9 6 1 1 I * 0 0 0 E M J A . l'UlUl"'«n I V I W \ 
J7« i I, 5 SUH9, 7,096112.000 9 U M 6 , 7.0«61ll*BOO E M J A , 1.774719.013 M , ? 1%, J 
FISSION SPECTRUM FROM HOMOGENIZED GROUP 2 HOMOGENIZED R E O I O N 1 

1,00000*000 0.00000.ono 
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HOMOGENIZED CROSS SECTION DATA 

LOWER GROUP flOUNDARltS " 1 2 
UPPER REGION BOUNDARIES , ? 

H5S5SES!;E*D -SIOMA. .SIOM. S. .9I0MA 8. ['''•I'l'l''/ [[lll'Zn. !?jEFniieNT. .VfLOO.TV; 
" '- .TOTAL* • Z^f^ . * ONE * ' •REGION 

HOM GROUP 1 l'"!2?'"S21 
HOM GROUP 2 3.344913-001 

TRANSFER MATRIX 
DOWN.*** 1 

2,0062'8-003 
Pl DOWN*** 1 

9,504759-006 

. . - 0 3 . . . . 5.9oi.7,,..A ,j8?W8:SS5 S:S?SSSS:SSS i ^ ^ VM^^ 

TOTAL 'IME INCLUOINQ INTEORA'ION E D I ' 'OOK 34.688 SSCONDS 

NOT 60UALS 15,SPACE COLLAPSE "' 

PROGRAM TESS 69A 

SLA9 OEOMETRY 

^S5oi^i^feiirMrMoS^;\/.^ro:"u^?rFruUrAND A„U0.NTS FROM PRBtEEDINO PROBLEM . 

INPUT DATA ...••**••*•*•• 
GEOMETRY INDICATOR •*•* 1 
NUMBER OF POINTS *.**•• 7 
NUMBER OF REGIONS .**.. 7 
NUMBER OF OflOUPS .*..** 2 
DOWNSCATTER OROUPS **•* 1 
ANQUL*R APPROXIMATION * i 
ANGULAR INTERVALS ••**' 4 
POWER GUESS OPTION ...* 0 
CONVERGENCE OPTION .*.. J 
OUTpUT OPTlON •.*••.*•• 19 
E L E M S . IN Mix. VECT. .* * 
INPUT PRINT OPTION •*•• 0 
ITERATION MAXIMUM ....* 90 
Pl-DOWNSCATTER ••*.•*.• 1 
TAPE ELEMENTS *......•• 6 
SEARCH OpTlON *•..•*.•• 0 
SEARCH ZONE ........*.. 0 
SEARCH POS, IN MIX***** 0 
riLL POS. IN MIX**.*. b 
BuCXLiNG INPUT OPTION • 0 
NO, OF REACTION RATES " 0 
HOMOGENIZED GROUPS .*.* 2 
HOMOGENIZED REGIONS •*• l 

EPSILON ..•*•**••.••*.• 1.00000-004 
INITIAL RADIUS ••.•***• 0.00006*06P 
EXTRAPOLATION FACTQR •* 0.00ODO*oB': 
NORMALIZATION FACTOR •* l.OOOOO.OOO 
SECOND GUESS •*.*•..•.. O.00OO0*00f 
EIGENVALUE DESIRED •**• l.OOOOO'OQ'O 
SEARCH RATIO ....*.*•.. 0.00000.00' 

REGION DATA 

REQION 
NO, 

MU 1< 
MU 2*-5 ,00000-001 
MU 3* 0 ,00000*000 
MU 4* 0 ,00000*000 
MU 5* 5,00000-001 
MU 6* 1,00000.000 

MIXTURE DATA 

MATERIAL 
3 
4 

MAXIMUM 
POINT INDEX 

5 
7 

DELT* 
R 

2,25000*000 
5. OOOnO.OOl 
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! *:il?!8{:SJJ: "•«• 
4 ..00000.Or;0, ^Ix. 

2 1.00000.0,2. 

NO FIXED SOURCE INPUT 

BOUNDARY CONDITION SPEC IFic.TION 

R E R I O D I C BOUNOART CONDITION 

ALPHA FOR ALL OROUPS . l.OOOOO.go. H'T, AND 1.0,10,.,10 RH't 

CROSS SECTION DATA 

•MATERIAL 3. .SIOMA" .SIOMA S. .SlgMA •• .NU-SIIMA. .riSSIOa. .tUOLIN.. 

•*•*••••••• .TOTAL* . 7ER0 . . ONE . .PISSMN. .SPECTRUM. 
QROUP 1 1,90929-001 1.49260.001 5,00000-004 0,,fl000«000 0.00000.HO O.OOOOO.OOO 
QROUP 2 3,4819,-001 3.48190.001 1,0.0.0-003 0,0.00.^0.. 0,00000.000 ..01000.,«, 

TRANIFER MATRIX 

DOWN.... 1 
1,66669.-OOS 

P'l DOHNSCATTER 
9,0.000...06 

.MATSRIAL 4. .SIOMA* .51SHA S. .SlflH. ,. .NU.SI.MA. .PI9ST0N. .•UCRLIN*. 
........... .TOTAL* . 7,80 . . ONE . .FlSSPflN. .SPECTRUM. 

QROUP 1 1.00001-001 9.90,00.002 1.00oOn-Q03 0,090,,.DO, 1.00000.000 0.00000.010 
QROUP 2 2,0000<i.ooi 1.40000.001 2,00000-OOS 6,0l000l002 0.00000.010 1.00000.000 

TRANSFER MATRIX 
DOUN.... 1 

9,000.0...03 
p.l DOWNSCATTER 

1,..000.-009 

IND OF INPUT PRINT , 
TIME 0.979 ' 

AUXILIARY OUTPUT FOR PERTuRRATION ANAL'TSIS 

INTltlliL OF (FLUXIR.HUI TIMfS .DUOINTIRIMUIIgMU 0* 

.GBION QROUP 1 QROUP 2 QROUP 3 BROuP 4 QROUP 9 
1 3,967603.001 1,287133.001 
1 4,.39377.000 1.327272.000 

TOTAL • 3,971141.0 01 1.41««60..6l 
,,.CURRENT 1,121»12.002 4,o3»76i.Qgi 
.ADJ.CURNT 4,036761...1 1.121912.002 
...CURRENT 1,256930.001 4.289619.000 
,ADJ,CURNT 4,2896l9.oO0 1,296930.66.1 
INTEQPAL 1.989791.001 7.09.112.000 

INTEQRAL 0,000000..00 ,,00..00.000 

R!0I0N*MISE TOTAL INTSQRAL OF ANQULAR FLUX TIMES JDJOINT 

RSOION 1 RFOION 2 RBOLON 3 REOION 4 « H I O N 9 I 

4,094736*001 5,362649.000 

TgiAL INTEQRAL OVER ANQLB, SPACE. AND ENERQY • 9 . 3 9 1 . . 6 . 0 0 1 

I N T H P A L OF I ( 1 / V ( E 1 ) » M 1 ( B , R , M U 1 P H I . I I , R , M U M 0 M U 0 R D E • 6 . U 2 6 1 4 . I 0 I 

INTSQRAL OF ( < C M I < I I P H I . ( I , p , , ( i , u , , | j p i | , p , p H I ( I , R , , I . l .NgPlDR • 1 . I . i . I t . 0 0 . 



SYSTEM PROMPT NEUTRON LfSTIMB • 9 , 2 S 9 ! . S . O . . 
J7. I I. 1 SUMS. l.»8979i...l 9UM«. 
JT. I ]. 1 SUMS. 7.096112.000 SUM6. 

FISSION SPECTRUM FROM HOMOQENIZEO QROUP 1 H0H0OBNI26D RBQION 1 
0 00000.000 0,00000.000 

17, I 1, 2 BUMS. 1.989791*001 
JT 1 1. 2 SUMS. 7.096112*... 

FISSION SPECTRUM FROM HOMOQENUED QROUP 2 HOMOQBNIZED RBOION 1 
I,...00.00. ..000.0...0 

SUM6. 
S U M 6 . 

1.98979I.001 
l,«a979l.0Ol 

7.096111*000 
7.0.61tl.OO. 

BhJA. 
EMIA, 

(MlA, 
««1A. 

...lOOOO.OOO I*. 1 If* I 

...Boo.0.000 I*. . *•• ' 

o.oOoooo.o.. 
0.00.6.0*0.. 

14. 
I«. 

HOMOQENIZED CROSS SECTION DATA 

LOKER QROUP BOUNDARIES . 1 

UPPER REQION BOUNDARIES • 

HOHOOINISED 

.RBQION 1* 

HOM QROUP I 
HOM OROUR 4 

TRANSFER MATRIX 
DOHN**.. I 

2,006278-009 
Pl DOWN... 1 

9,904759-006 

.SIOMA. 
•TOTAL. 

.STOMA S. 

. ZERO . 

.9I0MA I. 

. ONE . 

•NU.SIQHA* 
•FISSION. 

.PitsioN. .DirrusioN. 

• BPPCTRUM^ •COEFfieUNT. 

.INVEPSp. 

.WiLOClTYi 

1.497339.001 1 .'JI'OSI.OO. 
51344915-001 3.28B4O0.O01 

O<00..0..000 1 0001.0*000 2,2i7t7.*0.. '.'lOiOO*... 
Jl'ollSl-OOS OlOOOOOO.OOO $,»..»74-0.1 J.»9oOOO-«09 

TOTAL TIME INCLUOINB INTEQRATION EDI* 'OOK A.JTA BBCONOS 
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